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ABSTRACT 

Pakistan’s agriculture sector is the source of livelihood for 42.3% labor force in 

the country and one of the major contributors to the gross domestic product is 

struggling hard to ensure food security for a huge population. Despite diverse climate 

and abundant natural resources, the contribution of the agriculture sector to the 

economy is decreasing. Crop yields had been stagnant or decreased over time owing to 

changing climatic conditions, low water availability, soil degradation, lack of improved 

varieties, and growing of crops in areas economically not suitable for their growth. 

Moreover, there is little room for crop diversification in current cropping systems. 

Populations growing at an alarming rate, therefore, require more efficient, climate-

smart, and sustainable agriculture systems. Land and water use efficiencies can be 

increased by evaluating cropland suitability. Geospatial modeling of climate, soil, and 

topography factors leads to delineation of crop-specific agro-ecological zones (AEZs). 

These zones represent the potential of physical and biological resources at a scale 

suitable for necessary planning for sustainable agricultural development. This study 

was aimed at redefining of AEZs in Punjab that best fit according to resource 

availability, climatic changes, edaphic factors, and economic returns. The power of big 

data analytics was utilized to its advantage to develop agro-climatic and AEZs through 

the use of soil, climate, and land characteristics spatial datasets at a scale suitable for 

small landholdings of the province. Actual and potential evapotranspiration was 

calculated using climatic normal of 31 years (1985-2016). Moisture index coupled with 

potential evapotranspiration calculated from remotely sensed imagery and ground data 

were used to develop agro-climatic zones. The spatial overlaying approach was used to 

delineate AEZs based on homogenous climatic and edaphic factors. District-wise 

agricultural crop suitability was assessed in each AEZ through the use of crop norms 

and net economic return information against each crop with 66%, 33%, and below 33% 

returns considered as high, moderate, and low suitability. AEZs thus developed present 

huge potential for diversified and sustainable cropping systems. The information 

generated can be utilized by growers to achieve maximum cropland profitability and 

sustainability. Moreover, policymakers can devise policies and action plans according 

to AEZs. Spatial databases should be updated periodically to have dynamic AEZs to 

cater to changing climatic and edaphic factors. Performances of crops in these zones 

should be evaluated to validate crop suitability assessments.
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CHAPTER 1 

INTRODUCTION   

Agriculture sector is burdened with the task of feeding an enormous population 

with depleting limited natural resources.  This challenge requires an integrated and 

well-planned approach. The approach should encompass principles of sustainable 

agriculture while adopting innovative farming technologies and practices to ensure food 

security and livelihoods are based on agriculture(Ghose, 2014). 

It is expected that the world population will increase by some three billion in the 

next half-century, mostly in underdeveloped countries. Pakistan’s population is 

projected to be around 403 million by 2050 (Ike, Donovan, Topple, & Masli, 2019). 

About 40 percent of Pakistan’s population lives below the poverty line. This number is 

projected to increase if there is no significant progress on social, economic, and 

scientific grounds. Despite global socioeconomic, technological, and scientific 

developments, unfortunately, agriculture sector failed to respond accordingly leaving 

about one-third of the country’s population food insecure and poor.  

Immense pressure is being exerted on already limited agricultural resources as 

humans try to get maximum out of agricultural lands to meet the increased demand for 

a huge population and gain more profit. Arable lands are being lost to erosion, salinity, 

urbanization, and desertification. To worsen the situation, climate change had emerged 

as an even more devastating environmental phenomenon threatening to affect 

agriculture badly causing irreversible damage to land and water resources(Carter, 

2011).  

Problem of land degradation is more pronounced in densely populated countries 

coupled with inappropriate use of agricultural land, deforestation, overgrazing, and 

rain-fed cropping areas. The less productiveland is left fallow or abandoned and some 

forested and fragile areas are converted to agricultural lands(Tekle & Hedlund, 2000).                                                         

  Agriculture sector is the main consumer of freshwater. Pakistan’s is amongst the 

countries which is facing water shortage and the water deficit is expected to increase 

manifolds by 2050 (Waqas et al., 2019). Degradation of arable lands along with water 

shortage is one of the major constraints towards food security. Scientific and 

technological enhancements during the green revolution, information revolution, and 

genetic revolution had paved the way for increased productivity and sustainable 
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agriculture development over the last quarter of the 20
th

 century. The green revolution 

was characterized by the use of high-yielding crop varieties along with extensive use of 

fertilizers and pesticides to overcome the world’s food shortage in the 1970s. The green 

revolution was particularly successful where lands were rich in soil nutrients and water 

was abundant. Global crop production increased at an annual rate of 2.2 % where yield 

increments contributing towards 75% of this growth and the rest coming from increased 

cropping intensities and cropped areas. Increased yields were attributed to the wide use 

of soil nutrient fertilizers. Moreover, the world crop area is expanding at an annual rate 

of 5 million hectares with developing countries having more share. An Increase in crop 

area is also alarming as forests are being reduced (Khan & Hanjra, 2009).  

Green revolution was criticized to benefit only farmers with large landholdings 

and strong economic backgrounds while depriving large numbers of small farmers. It 

was suggested that a cohesive strategy covering biological, environmental, and social 

aspects of sustainable agriculture should be adopted in the digital and smart agriculture 

revolution (Conway & Barbier, 2013). Similarly, with the information revolution, the 

dissemination of agricultural advancements in the form of varieties, tools, techniques, 

technologies, and management practices is never a problem. Moreover, progress in the 

field of biotechnologies allows the development of improved crop cultivars having 

desired drought, disease and pest resistant attributes in addition to increased nutritious 

values and food safety. Existing strategies should be complemented with the 

developments in the geographical information system (GIS), remote sensing, internet, 

environmental sciences, biotechnology, and genetics. Involvement of all stakeholders 

i.e. research institutions, extension workers, policymakers, consumers, and importantly 

farmers is important in the appropriate and efficient use of agricultural resources.  

 Land utilization for agricultural purposes is constrained by various 

environmental factors including topography, climate, and soil characteristics. 

Moreover, agricultural land use also depends on agronomic viability, socioeconomic, 

demographic, technological, and political factors (Abildtrup et al., 2006). Land tenure 

systems, market development, and agricultural policies also determine the use of land 

for agriculture. Appropriate allocation and optimum use of resources leading to 

sustainable growth and development of agriculture is the major challenge being faced 

by the policy makers. Keeping in view the multifaceted and interdependent sections of 

food security, it is essential to use a holistic approach to ensure sustainable farming 

systems as just improving crop productivity for example will not serve the purpose 

(FAO, 1995).  
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Agronomic principles should be the base of sustainable agriculture. However, 

the sustainability of agricultural systems is dependent upon the comprehension of 

various dimensions of agricultural production like crop genetic base and its 

diversification (Sauvenier et al., 2005), Agricultural sustainability is governed by the 

land management practices which can control land degradation processes and increase 

land efficiencies through enhancing genetic and diversification potential of crops 

(Smyth et al., 1993). 

Keeping in view the uncertainties of climate change effects on agriculture, 

future land use, development of new crop varieties and technologies along with their 

adoption require a well-thought approach that can facilitate policymakers and decision-

makers. Land, water, and climate resources must be assessed for agricultural potential 

and systems should be developed based on sound sustainable agriculture knowledge 

through informed policies and effective public and private investments(Molden, 2013).  

Agriculture remains the most important source for sustainable livelihood and 

employment (FAO, 2019). Pakistan’s agricultural sector is one of the key contributors 

in the country’s gross domestic product (GDP). However, over the last decade, this 

contribution has significantly increased from 1.42 percent in 2001 to 5.53 percent in 

2018 as shown in figure 1.1, but field crops share not well contributed to this increase 

due to climate change and other factors as well; livestock contribution rapidly increases 

in the last two decades.   

 
Figure 1.1: Growth rate of the agriculture GDP from 2001 to 2018 
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 Despite a decrease in the share of agriculture in the economy, 42.3 percent of 

the labor force is still engaged in agricultural activities. Stagnant yields, low land, and 

water productivity, low crop diversification, pre and post-harvest losses, low 

profitability, less developed markets in addition to adverse climate change effects 

hinder the development of the country’s agriculture economy. Crop sector had 

experienced negative growth of 4.4 percent owing to declined growth of 6.6 percent in 

major crops during the fiscal year 2019 (Pakistan Economic Survey 2019). 

The food demands will increase exponentially for a projected population of 403 million 

by 2050 (Ike et al., 2019). On the other hand, scarce land and water resources required 

for agriculture production are depleting rapidly. Therefore, resilient and sustainable 

food systems with high productivity and efficiency are required to achieve the United 

Nation’s goal of ―World with Zero Hunger‖, Pakistan’s agriculture sector is 

characterized by low and stagnant yields of major crops. Climate variability, low water 

availability, lack of high yielding and climate-resilient crop varieties, low organic 

matter, and cultivation of crops on less suitable lands are some reasons for low yields 

(Lal, 2011). Moreover, cropping systems are limited to few crops including cotton, 

wheat, sugarcane, maize, and rice. Low crop diversification can be attributed to a lack 

of awareness among farmers regarding the potential of croplands and misallocation of 

resources on existing cropping patterns. The country which should be earning 

significant foreign exchange through exports of various agricultural commodities like 

fruits, vegetables, edible oilseeds, and crops by utilizing the potential of diverse climate 

and agricultural resources is a net importer of the crops which can be otherwise grown 

locally. The magnitude of import quantities and values are shown in figures 1.1 and 1.2.  

 
Figure 1.2: Import quantities of agriculture commodities in Pakistan 
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Figure 1.3: Import quantities of agriculture commodities in Pakistan 

Owing to rapid population growth the number of foreign exchange reserves 

spent on agriculture will increase manifolds. Therefore, sustainable and diversified 

agriculture systems should be developed through the addition of more profitable crops 

in existing cropping systems by evaluating the bio-physical potential of natural 

resources.  Land assessment leads to the delineation of agro-ecological zones which 

present the potential of various crops at an appropriate biogeographic scale for 

sustainable agriculture growth and development (Akpoti et al., 2019). 

 
Figure 1.4: Employment trends in agriculture sector 2001-2018 
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Survey 2019). The overall economic condition of the nation and recently a desert locust 

attack. Climate change and environmental degradation have negative impacts on 

income levels and hence jobs and workers’ productivity and these impacts are expected 

to increase in the coming decades. Natural disasters like floods and drought have severe 

damages and losses in agriculture sector. Besides, higher temperatures are expected to 

worsen the working conditions and reduce the worker ratio (M. Ahmad & Farooq, 

2010). The increasing trends of extreme weather events along with the economic 

situation of Pakistan may lead to higher food insecurity in the country. 

Each agro-ecological zone (AEZ) shares unique landform, soil, climate, and 

land cover characteristics making it suitable for a certain fruit, vegetable, and field 

crops. AEZs was developed by Pakistan Agricultural Research Council in 1980 with 

the objective to identify land regions having homogenous biophysical properties (Abid, 

Scheffran, Schneider, & Elahi, 2019). However, owing to changes in land and water 

resources coupled with the shift in climatic patterns over the last three decades make a 

revision of AEZs inevitable. Successful adaptation of suitable crops in a zone depends 

upon careful analysis of biophysical factors.  

1.1 ASSESSMENT OF AGRICULTURAL LAND SUITABILITY 

Suitability of land is the main intervention or crop management practice to 

explore the net return of crop from the land also land assessment indicate what is the 

best suitable area for crop production and yield according to the exact potential of the 

particular area. Land suitability manages the evaluation of the land potential for the 

specific utilizing of crop growth (Rasul & Thapa, 2004).  

Assessment of possible and appropriate agricultural land-use potentials for 

quantification of inputs and management operations along with an estimation of crop 

production requires an integrated approach using a database of land resources. The land 

resources inventory is composed of climate, topography, and soil datasets on which 

various crop yield-limiting factors such as energy, water, and nutrients are dependent. 

Policies for resource allocation can be based on this land suitability evaluation. Owing 

to the availability of digital land resources’ datasets of climate variables, soil, and 

topography, revision of land suitability assessment leading to the delineation of agro-

ecological zones becomes possible(Ahmad, Goparaju, & Qayum, 2019).  

The decision for the cultivation of the crops according to the potential of land as 

well as environment aspect is the prerequisite or basic management practice to secure 
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the production and the yield from the crops at field level. Consequently, the target of 

land suitability potential assessment is to predict the agriculture production or soil 

nutrient’s ability of land for efficient use of land to maximize net return. Agriculture 

land potential depends on the field information for their crop grown potential according 

to the land the water potential of the farm, selections of the crop in the field, and 

prediction of the net economic return based on the assessment according to the land and 

the water potential of the farm (FAO, 1993).  

1.2 FACTORS RESPONSIBLE FOR AGRICULTURAL LAND SUITABILITY 

ASSESSMENT 

Crop management and land assessment potential are one of the most critical 

parts of progressive or profitable agriculture production. Many factors involved in the 

assessment of agriculture land use potential i.e soil mapping, climatic study, water use 

efficiency, water quality and quantity, topography, and previous economic indicators. 

Assessment of land potential according to responsible factors help for farmers or 

grower to a true representation of the Land area (Bandyopadhyay, Jaiswal, Hegde, & 

Jayaraman, 2009). Consequently, the target of land suitability potential assessment is to 

anticipate the intrinsic ability of the land towards sustainable agriculture. Homogeneity 

of the land according to responsible factors helps the grower for decision making and 

selection of crops according to the potential of the land (Mazahreh, Bsoul, & Hamoor, 

2019).  

Delineation of AEZs requires an integrated approach leading to the 

development of a spatial database of land resources and crop yield potentials. These 

datasets are used to assess cropland suitability and estimate various levels of agronomic 

inputs and crop productions in the study areas having unique agro-ecological 

conditions. Land resources of a region are characterized by topography, soil, climate, 

and land cover. Climatic parameters are one of the basic crop yield limiting factors. 

Therefore, climatic data remain the integral component of the land resources database. 

Similarly, knowledge and sustainable use of soil resources is key to efficient utilizing 

diverse climatic conditions while keeping land productivity high. Therefore, climatic 

information needs to be overlaid on soil datasets i.e. fertility, texture, etc. Moreover, 

topography and land cover data also remain important for the evaluation of the land 

potential for agricultural activities. 
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Different crops and fruit trees grow in varied thermal regions requiring a 

different amounts of sunlight and moisture. Spatio-temporal distribution of agricultural 

commodities is dependent on these climate indicators. Solar radiation, temperature, and 

water are some of the key climatic factors in any agro-ecological study as these 

influences photosynthetic rate to accumulate biomass during various plant 

developmental stages (Holzman, Carmona, Rivas, & Niclòs, 2018). The climate 

resources’ database is based on crop’s water, temperature, and solar radiation 

requirements. Temperature feasibility and moisture availability during crop growing 

season determine the length of the growing period (LGP) in a specific area.  The date 

marks the start of the growing period when water for crops is available and the 

temperature is feasible. Similarly, growing periods end on a date when both 

temperature and moisture allow crop growth and development. A number of days 

between the start and end of growing periods is termed as LGP. Cropping patterns in 

rain-fed and irrigated areas depend on the length of LGPs.  

The photosynthetic rate is greatly influenced by temperature and radiation 

influence. The development of crops sensitive to light during various crop growth 

stages is dependent on day length and temperature (Angus, Mackenzie, Morton, & 

Schafer, 1981). Hence, crop selection should be based on photoperiods and temperature 

as well. In some crops, flower buds do not initiate until a specific temperature is there. 

Similarly, flowering and fruit set can be delayed owing to low temperatures. Moreover, 

flowering time is also governed by sunshine hours.  

In this study, an integrated approach was used to characterize climate, soil, and 

terrain factors determining agricultural profitability. Various crop-specific 

environmental constraints were identified through the development of GIS database of 

various land resources. Spatial multi-criteria decision making was involved for 

agricultural land suitability assessment.  

1.3 PROBLEM STATEMENT 

Owing to climate and land use land cover changes over the last three decades 

agro-ecological zones of Pakistan are outdated. Moreover, the increased demand for 

sustainable agriculture also requires sound planning for fragile and vulnerable 

agricultural systems. The availability of digital datasets of climate, soil, and terrain 

parameters nowadays allows us to establish agro-ecological zones in the study area. 

This study aimed at the development of a framework for delineation of agro-ecological 

zones and assessment of land’s suitability and financial feasibility for various crops.   
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1.4 OBJECTIVES 

The main objectives of this research: 

1. To develop a GIS-based modeling framework for delineation of agro-climatic and 

agro-ecological zones using various climatic, edaphic, and topographic factors. 

2. To evaluate the agricultural land potential based on crop requirements, land 

characteristics, and economic indicators 

1.5 RESEARCH QUESTIONS  

1. What is the potential of crop diversification in the study area keeping in view 

various crop yield-limiting factors?  

2. How much moisture is available during cropping season to determine the start and 

end of the growing season and delineate agro-climatic zones? 

3. Can the economic performance of competing crops be mapped? 
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CHAPTER 2 

REVIEW OF LITERATURE  

2.1 CLIMATE CHANGE AND CROP PRODUCTION 

Climate change is defined as a change in climatic variables over the years, 

either related to natural changes or human activity (Adaptation, Adaptation, & Service, 

2014). It is also defined as a change in climate that is explicitly or implicitly caused by 

anthropogenic activities that change the structure of the troposphere and the other cause 

is the change in natural climate occurring over comparative periods (Smit & Skinner, 

2002).  

It is the product of the long term weather patterns that reflect the world's 

regions. The word "weather" refers to temporary (every day) temperature fluctuations, 

wind, and precipitation in the region (Yoo, Moran, & Chen, 2004). The Himalayan 

glaciers (75 percent) are predicted to retreat and then go to the lowest around 2035. 

Slumps or long-term escalations can lead to droughts and floods. Climate climax would 

affect productivity and thus pose food security risks (Haritashya et al., 2018). 

The world may have to increase agricultural production to support an estimated 

9 billion population by 2050, who have evolving instances of consumption, the effects 

of neighborhood climate change, and an increasing lack of water and land (Mosnier et 

al., 2014).  Global warming and environmental change is predicted to have an 

aggressive consequence on Pakistan. This is surprising for a country that ranks 135
th

 on 

the globe in terms of global greenhouse gas (GHG) emissions per capita but also ranks 

16th in terms of the passivity of global climate change. It is a major threat to all 

indicators of reasonable improvement but has inexhaustible consequences across 

diverse divisions and ecological ecosystems, such as food, water and vigor; trees or 

biological diversity; the sea and aquatic conditions; and, in response to the occurrence 

and intensity of atmospheric hazards, such as floods and drought conditions. It also 

conveys the possibility of domestic and foreign conflicts (Ali et al., 2017). 

Variations in the atmospheric accumulation of GHG’s plus aerosols, solar 

emissions, and ground physicochemical characteristics change the energy cycle of the 

earth's climate. These shifts are defined in terms of solar irradiance, which is then used 

to analyze how a combination of human and natural causes affect global warming or 

cooling (IPCC, 2014).  
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GHG’s have got their name because they hold heat (energy) like just a 

greenhouse mostly in the lower part of the atmosphere. As a response, more of these 

GHGs are emitted into the atmosphere, more heat is captured (Meinshausen et al., 

2011). This extra warming causes elevated air temperatures near the Earth's surface, 

alters the climate, and increases the temperature of the oceans. 

Global emissions of N2O, CH4, and CO2
 
have amplified dramatically as a result 

of anthropogenic happenings since 1750 and are currently way beyond pre-industrial 

levels estimated from ice core samples over many centuries. Global changes in carbon 

dioxide emissions are mostly due to the use of fossil fuels and land-use shifts, whilst 

those of CH4 and N2O are mainly due to agricultural activities. Atmospheric levels of 

CO2, CH4, and N2O have soared to unimaginable points in the last 800,000 years. GHG 

concentrations have risen by 40% since pre-industrial times, largely as a result of fossil 

fuel combustion and, secondarily, as a result of net land-use transition. The sea 

sequester approximately 30% of the human-induced CO2 released, resulting in oceanic 

acidification (IPCC, 2014). 

There is concrete evidence that GHG’s have just begun to heat the earth. If all 

these conditions will remain constant, the production of greenhouse gasses is expected 

to increase mostly as a result of the petroleum burning, but also as a result of the shift 

in land usage in the next decade. This, in essence, would cause a shift in rainfall 

patterns and hence to modifications in local climate and ecological zones. While 

diverse effects on a variety of sectors are anticipated from climate change and global 

warming, the agricultural industry will be harmed particularly as it depends directly on 

climate parameters such as temperature and precipitation (Nordhaus, 1991). 

The warming trend is undeniable, and since the early 1950s, most of those 

changes that occur have been unimaginable over decades to centuries. Atmospheric and 

ocean temperatures have increased, the volume of snow and ice has reduced, sea levels 

have risen and greenhouse gas emissions have been increased (IPCC, 2014). 

Every climate model indicates temperature increases. The precipitation trend 

has shifted with less precipitation across South and South East Asia. More unusual and 

prolonged drought has occurred since the 1970s. The eternal snow cover has dropped 

on both the degree and about the extent. The global average ocean level is predicted to 

increase from 0.18 to 0.59 m by the end of the 21st century (Mahato, 2014).  
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The risk of global climate change is one of the biggest threats the world is 

facing. There is a consensus among scientific experts that the earth is being warm, that 

this increase in temperature is triggered by anthropogenic activities, and that the effects 

of continuing warming are likely to be catastrophic. Also, there is global concern about 

the problem: in the latest Pew survey, most people in each of the 40 surveyed countries 

said that climate change was a major problem, and a global average of 54% agreed that 

it would be a serious problem (Griffi et al., 2015). 

 

2.2 CAUSES OF CLIMATE CHANGE 

2.2.1 Globalization 

Globalization seems to have its peculiar issues of contention and hindrances; 

climate change remains one of the main grave disservices to the future of globalization 

(Kirby & O’Mahony, 2018). The majority of nations are aiming to switch their 

agricultural economy into a mechanical one but it set aside environmental issues (Nasir 

& Rehman, 2011).  

Climate change is mainly driven by greenhouse gas emissions, especially CO2, 

emitted by automobiles, manufacturing units, power plants, and deforestation. The 

greenhouse gases we release now will remain in the ecosystem for decades to come. 

The more we delay measures to be taken to curb emissions, the steeper and more 

expensive the removal of emissions would be in the future to avoid the alarming level 

of global warming and climate change. CO2 is the most important human-induced GHG 

in the world (Wise et al., 2009). The principal reason for increased atmospheric CO2 

emissions since the industrial era comes from the use of fossil fuels, and land use shifts 

making a substantial but limited contribution (IPCC, 2007). 

 

2.2.2 Natural Causes of Climate Change 

Major shifts in the chronicity and intensity of tropical gusty winds impede the 

waves as well as their distribution to the proliferation of GHG. Besides, the analysis of 

patterns is hampered by significant barriers to the ease of access and nature of the 

world's persistent tropical typhoon data. Consequently, it remains uncertain if historical 

fluctuations in the tropical intense wind have exceeded the predicted variability for 

typical causes (Robock, 1978).   
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Anthropogenic causes are manageable, however, since they are the crucial points, 

due to which global warming has been exacerbated and more radiation has been 

trapped in the ecosystem than is usually needed to support living things, 

2.2.3 Droughts and Floods 

More unusual and prolonged drought has been experienced in more extensive 

regions since the 1970s, tropical, and subtropical regions. Extensive aeration extreme 

temperatures and less precipitation have added to fluctuations in the dry season. 

Additionally, variations in SST, wind directions, minimal snow cover have been 

attributed to drought periods (van Aalst, 2006) 

 

2.3 GENERAL IMPACTS OF CLIMATE CHANGE 

Anthropogenic climate change is only one of the major mechanisms for 

exacerbating ecological imbalance, each reflecting the increasing human invasion of 

the ecosystem (Stern & Kaufmann, 2014).  These involve massive shifts around the 

environment, such as stratospheric ozone depletion, biological diversity calamity, 

cumulative land devaluation, groundwater depletion, among others, such as the 

disruption of vital nitrogen and sulfur cycles and the global proliferation of vigilant 

natural pollution. All of them have promising outcomes for the stabilization of 

ecological frameworks: the development of livelihoods; human financial activities and 

social well-being. 

Adger, Brooks, Bentham, & Agnew (2004) stated that about 25 million 

inhabitants had been displaced as a result of environmental change in 1995. He also 

expected that by 2050 this figure would equate to nearly 200 million, taking into 

account statistical adjustments and declining natural conditions. 

 

2.3.1 Climate Change Impact on Human Migration 

Climate change has a sturdy human impact on the climate of the earth. This is 

clear from the rising amounts of GHG's in the atmosphere, measured warming, and 

knowledge of the global climate. The human effect has been observed in the 

temperature rise of the earth's atmosphere and oceans, in shifts in the global 

hydrological cycle, in the loss of glaciers, in the rise in mean sea levels, and also in 

variations in certain harsh environments (Black et al., 2011). Human impact is likely to 

have been the primary source of the warming observed since the mid-twentieth century. 
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Accelerated GHG emissions can induce more heating and modification in all parts of 

the climatic scheme. Mitigating global warming and climate change would need 

significant and sustainable reductions in GHG emissions. 

By relying on environmental hazards and human decisions, the measured 

performance models display shift patterns in a wide range of sectors due to natural 

insecurities and predicted potential transformation. This probably originated from an 

exhibition focused on risk, as compared to seeing relocation as a human miracle and an 

ingrained organization of social and statistical interaction and changeover. This is a 

crucial point, as the reinforcement of the current relocation implies that natural drivers 

must be regarded relative to one another by various drivers. It is explicitly noted by 

(Kolmannskog & Trebbi, 2010) who took notice of the many-sided value of migration 

as a human technique, considering the reality that they prefer to insist on scanning the 

significance of ecological transients, as distinctive from various types of wanderers. 

Global increases in surface temperature at the end of the 21
st
 century are 

expected to reach 1.5 
o
C compared to all RCP scenarios from 1850 to 1900 (Kloster, 

Mahowald, Randerson, & Lawrence, 2012). The temperature will continue to increase 

until 2100 throughout all RCP scenarios. It will keep showing inter-annual variations 

over time and would not be locally consistent. Alterations in the hydrological cycle 

concerning the 21
st
-century temperature rise will not be standardized. Precipitation 

comparative analysis between tropical and temperate areas and between dry and wet 

seasons will rise, while there may be geographical anomalies (IPCC, 2014).  

The global ocean temperature will tend to increase in the 21st century. Warmth 

would infiltrate to the surface from the sea depths and will disrupt the flow of the 

ocean. Oceanic temperatures in numerous tropical regions have increased by 1°C over 

the last decades and are growing at ~1–2 °C at present. Coral Reef bleaching occurs 

whenever the hot uniqueness of coral reefs and symbiotic organisms is outpaced. Coral 

bleaching has taken place in connection with raised ocean temperature over the last few 

years and involves the decline of zooxanthellae due to never-ending photo-inhibition. 

The expected rate of progression demonstrated a major problem for aquatic biota and 

suggests that too much temperature rise cannot take place without the misery and 

mismanagement of coral reefs on a global level (Adger et al., 2004).  

The relation between water, exertion, agriculture, and the environment is 

important (Lichtenberg & Zimmerman, 1999). Frequently rising, this relationship 
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restricts the protection of food, water, and necessities out of transition. Natural 

transformation is believed that we'll never again refuse when things have become 

progressively clear all over the world. On record, for all reasons and needs, since 1992 

it has been reliably merged and, as illustrated by NOAA and NASA data, 2015 has 

been the most explosive.  

Hot temperatures are more probably to be the ultimate justification behind 

biodiversity demise in this era. (IPCC, 2014) states that a rise of 1.5 °C can put 20-30% 

of groups at risk of devastation. In a scenario where the world warms more than 3 °C, 

the majority of scenarios Most of the endangered species in the world exist in areas that 

would be highly affected by climate change. Moreover, global warming is taking place 

too quickly to change animal life cycles to make such a change happen.  

Total overall CO2 emissions primarily decide global average temperature by the end of 

the 21st century and even beyond. Many elements of climate change will continue to 

occur for several decades, even though CO2 emissions are halted. This reflects a major 

commitment to climate change generated by past, current, and future CO2 emissions 

that would fail (IPCC, 2014). 

2.4 IMPACT ASSESSMENT OF CLIMATE CHANGE ON CROPS 

Global environmental change is expected to give a significant influence on food 

sustainability, as the food supply is primarily linked to the agricultural sector. The 

increase in mean temperature will reduce the duration of many crops and as a result, 

reduce the yield of several crops (Moriondo, Giannakopoulos, & Bindi, 2011) In 

regions where the temperature is similar to the physiological peak value for crops, the 

rising temperature would have a direct effect on their production.  

Climate change is the result of increasing temperatures, fluctuations in rainfall, 

and increased CO2 fixations. There are several ways in which the effect of nurseries is 

vital to agribusiness. At first, expanded natural CO2 centers will directly affect the rate 

of change of the production plants and weeds. Besides, CO2 induced atmospheric 

fluctuations can change precipitation, temperature, and solar radiation levels that may 

influence animal and plant (Adger et al., 2004). 

The usage of parameters will be enhanced by climate change linked to risk, 

thereby minimizing sustainable competitiveness for the vulnerable. Like other nations, 

food security is among Pakistan's highly regarded programs. Rice, maize, and wheat are 
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now the most important crops including sugar cane and cotton as Pakistan's main cash 

crops (Masutomi, Takahashi, Harasawa, & Matsuoka, 2009). Therefore, food strategies 

emphasize the cultivation of these crops. It is therefore vital to analyze the connection 

between environmental change and yields of the utmost productive crops (Nasir & 

Rahman, 2011). With the support of models of yield propagation, these studies have 

shown that yield of grains in several countries will decline with a temperature rise. 

Economists were also worried because crops in most emerging countries will be more 

climate-related than in the US (Mendelsohn, 2006). 

Climate change on human development and horticulture is 1) the natural 

influence on trim yield; 2) the effects on yields, including expenses, income, and 

consumption.  Biophysical effects of climatic change on horticulture are causing 

changes and prices that are going to change without someone else's input, such as 

farmers and other market participants, changes in the blend of yields, inputs, demand 

for subsistence, use of food and trade, despite rainfall shifts, and higher temperatures 

caused by climate change. The portion of freshwater use as a necessity is referred to as 

the reliability of irrigation water supply (IWSR). The lower the percentage, the more 

visible the inundated amount of water (Reilly & Schimmelpfennig, 1999) 

Food sustainability is directly and in an indirect way linked to climate change. 

Any modification in climatic variables such as temperature and moistness, which 

decides on plant growth, will directly impact the measurement of sustenance supplied 

(Vermeulen, Campbell, & Ingram, 2012). Circuit linkage applies to cataclysmic 

opportunities, for example, an upsurge and drought period, which are continuing to 

expand due to climate change, causing an enormous yield catastrophe and spreading 

out vast tracts of arable land that are insufficient for growth and, along such lines, 

undermining nutritional sustainability (Harvey & Pilgrim, 2011). The net impact of 

food protection depends on the implementation of environmental changes worldwide 

and the potential to respond and rebound from climate change. On a global scale, 

increasingly eccentric climate factors would lead to a reduction in agricultural 

production and high sustenance charges, leading to nutrition deficiency (Mahato, 

2014). 

Impacts of environmental change on crop growth in various states have been the 

focus of numerous investigations. The basic parameters of environmental change in this 

kind of experiment are precipitation and temperature. Modification in the growth cycle 

and changes in trends respond to rising temperatures have also been evaluated (O’Brien 
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et al., 2004). The analysis also reveals some troubling figures on climate change's 

impact on crop yield. It is anticipated that temperatures may increase to 3 
o
C till the 21

st
 

century’s end owing to unsafe economic activities up to 2040 and 5 °C to 6 °C. This 

temperature rise will always threaten the fate of a few crop yields. For instance, 

considering the current climate and environmental degradation scenarios. 

Half of the population world doesn't earn exactly $2 a day. Appropriately, 800 

million individuals are underfed and sustenance has to be doubled within the next 35 

years to fix possible problems. Such advancements must therefore be attained in the 

context of global warming and climate change, the latest agreement that would impact 

the life of the people from several perspectives. The most important impact on the role 

of humans in the subtropics and tropics would be the possibility that many poor farmers 

depend on horticulture and have a variety of choices (G. Parry et al., 2001).  

Heat waves can cause a warmer atmosphere that can limit productivity as they 

arise amid crucial vegetation cycle periods. Hot waves can also cause non-domestic 

plants (due to increased transpiration rates) to lose yields if they are not nullified by the 

water supply. Solid wind gusts can cause foliage and appendage damage, and even the 

"sand impact" of dust on the leaves. Substantial downpour, which frequently triggers 

floods, can even impede yields and land utilization (Stikic, Glamoclija, Demin, 

Vucelic-radovic, & Jovanovic, 2012).  

The number of possible implications (and potential benefits) of climate change 

in urban environments has so far been recognized. Various studies, including the IPCC 

3
rd

  and 4
th

  Evaluations, have found that the major impacts of climatic change on 

metropolitan communities are likely: the influence of ocean-level rise on beachside 

urban areas (tallying the effects of severe storms); the consequences of shocking 

incidents on manufacturing environments (e.g. windstorms and storm waves, surges of 

overwhelms precipitation); Impact on well-being (heat and frost related death and 

grimness, malnutrition and water-borne disease, vector-borne illness) attributable to 

higher average temperatures and/or exceptional occurrences; effects on resilience use 

(cooling/heating, water-borne resilience); influence on freshwater availability and 

resources (Hoegh-Guldberg, 1999).    

Modification is a crucial component of combating ex-devours to climate 

impacts and risk analysis which is one of the possible strategies (Smithers, 1997). 

UNFCCC (1992) indicates that conferences are obligated to recognize and have 
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implementations nationally and where suitable, regional initiatives, mitigation 

strategies, and measures to promote climate change adaptation. Article 10 of the Kyoto 

Protocol compels gatherings to promote and facilitate adaptation and to use adaptation 

technologies to counter changes in the environment (Bernoux et al., 2011). 

The method used to combat climate change is the sequestration of carbon by 

soil. Improper climatic policies have raised the concentration of atmospheric CO2. The 

impacts of global warming and climate change are that at an alarming pace. The latest 

investigations have suggested that effective managing practices can minimize this 

hazard to some degree (R Lal, 2021).  

Research on disaster risk management strategies is being evaluated. They are 

primarily based on the implementation of adaptation topology and identify and define 

the most appropriate options (Scott, Wooster, Few, Thomson, & Tarazona, 2016).  

Essentially, it illustrates the transformation of all sectors to deal with harmful extreme 

weather events. The research was performed in Canadian agricultural lands and the 

findings indicated that appropriate policy formulation and execution of environmentally 

sustainable climate change challenges in the crop sector and food insecurity could be 

reduced (Adger et al., 2004). 

Several efficient solutions for agricultural improvements have been suggested, 

which are initiatives or procedures that may be placed in place to minimize the typical 

antagonistic effect. They comprise a broad range of systems (specialized, financial, 

administrative), levels (globally, national, regional), and stakeholders (governments, 

enterprises, growers) (Smithers, 1997; Smit & Skinner, 2002). A significant majority of 

them are concerned about feasible or potential or improvement initiatives, as compared 

to those currently implemented. The effects of changes in the environment also impact 

such changes, although the modification mechanism itself remains foggy (Smit & 

Skinner, 2002).  

It is necessary to consider what kinds and types of modification are viable, 

probable, and credible; who may be interested in its execution; and what is needed to 

ease or improve their progress/acceptance. A crucial initial phase in resolving those 

questions is identifying evidence and interpretation of the potential mitigation measure 

in crop production (Adger et al., 2004). 
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Given the substantial consequences of climate change, such as extreme weather 

events and disasters, agricultural change alone does not act and helps to create an 

impact on climate change. Non-climatic forces, such as financial factors, administrative 

problems, nature, culture, and creativity, have unmistakably had a major impact on 

basic horticultural leadership, particularly dynamic basic leadership (M. L. Parry, 

Rosenzweig, Iglesias, Livermore, & Fischer, 2004). 

With the prospect of changing the detrimental consequences of climate change, 

the evaluation of the impact of environmental change is imperative (Smithers, 1997). 

Even though crop science is a vigorous research subject concerning the effect of global 

warming and environmental change, the modification in agribusiness has still not been 

adequately documented in the impact assessment, this is supposed to be confined in the 

sense that many studies do not go beyond calculating the pay-as-you-go responses and 

generally neglect common human leadership in the farming field. Custom, situation-

based assessments that take into account predictions of possible effects on agribusiness 

have guided the adjustment, in a large part, via assumptions regarding human responses 

(Adger et al., 2004) 

Acknowledging that climate change will have a detrimental effect on rural 

communities, the need to integrate sustainability into the horticultural model has been 

conveyed (Esteve, Varela-Ortega, Blanco-Gutiérrez, & Downing, 2015). The use of 

improved agricultural dietary improvement could be an objective and financially 

sustainable strategy. Nutrition enhancement may improve the intensity of several 

services: by enhancing the ability to monitor disrupted outbreaks and to mitigate 

pathogen spreading that could be exacerbated in future climatic conditions, as well as 

by stabilizing plant growth from the disruptions of higher atmospheric variability and 

exceptional opportunities. These focus points refer to an undisputed assessment of the 

probability of substance expansion to improve security, while the presumption was 

mild (M. L. Parry et al., 2004).       

Natural changes may affect a wide variety of areas of the rural community. 

With more prevalent atmospheric inconsistencies, temperature fluctuations and rainfall 

trends, and other parts of global change, we foresee a rise in harvesting and biological 

system responses that will affect critical agricultural processes. These impacts include 

changes in addition to recycling and soil dampness, as well as changes in pest and 

disease infections, both of which have an unmistakable effect on food processing and 

security (Fuhrer, 2003). These advancements are depended upon to increasing biotic 
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and abiotic anxieties, and the power-farming mechanisms to dabble much more 

explicitly later on. 

The usage of parameters will enhance climate change linked to risk, thereby 

minimizing sustainable competitiveness for the vulnerable. Like other nations, food 

security is among Pakistan's highly regarded programs. Rice, maize, and wheat are now 

the most important crops including sugar cane and cotton as Pakistan's main cash crops. 

Therefore, food strategies emphasize the cultivation of these crops. It is therefore vital 

to analyze the connection between environmental change and yields of the utmost 

productive crops (Rehman, Jingdong, Ali, Hussain, & Ahmed, 2019). 

2.5 MONITORING OF AGRICULTURE 

Kinds of crop environments have proven to become more important for 

agriculture as climate change has increased. The study has shown that the production of 

the crop is especially sensitive to temperature changes and precipitation, especially in 

the fruiting and organic material development phases (Rahman et al., 2018). Maximum 

and minimum temperature and subsequently frequent actions may have a major effect 

on plant growth and production. More apparent precipitation inconsistencies, 

particularly floods, dry seasons, and sordid precipitation, have impacted food security 

in many areas of the planet (M. Parry, Rosenzweig, & Livermore, 2005). 

These observed agricultural vulnerabilities to fluctuations in climate suggest the 

need to build versatile mechanisms that can protect plants from atmospheric 

inconsistency and frivolous atmospheric events, especially in critical early life phases. 

There are quite a variety of programs in which improved cultivation mechanisms 

illustrate that even more profoundly nuanced mechanisms will reduce the consequences 

of climate change on crop growth (Adams et al., 2012). 

The related study into agricultural systems, two locations where gardening has 

faced climate issues and sordid possibilities, has shown that agricultural variation has 

increased the power of generational mechanisms. Sweden has suffered from chilly 

durability problems, while Tanzania has encountered problems with heat resistance and 

intermittent El Niño periods. The two regions had exceptional normal droughts. In 

these situations, the analysis found that the effective management rehearsals suited to 

buffering and moderating climate change approaches are ones that are mostly 

genetically volatile and unpredictable assortments organized within the farming system 

and the sporadic and spatially decent lifestyle diversity ( Tengö & Belfrage, & By-nc, 
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2004). 

Handling the various challenges to persuasive adaptation involves a rigorous 

and complex policy approach that covers a variety of dimensions and problems, for 

example, from the awareness of farmers to the evolving risk patterns to the building of 

knowledgeable platforms that promote response procedures. Scientific knowledge 

should adapt as well. Interdisciplinary problems need a holistic approach. A vital part 

of this strategy is the use of improvement evaluation mechanisms that are important, 

effective, and easy to operate for both stakeholders, consultants, public officials, and 

scholars (Smit & Skinner, 2002). 

 

2.5.1 Monitoring and Mapping of Agriculture with Remote Sensing (RS) 

The instinctual characteristics of crop production make remote sensing the ideal 

technique for monitoring and management (Yoo & Chen, 2004). These qualities 

include a) agricultural experiments are most widely carried out in vast spatial locations, 

which affect the standard field of analysis or assessment, time-consuming and typically 

expensive; (b) agricultural production per unit is not so great compared with various 

businesses; (c) The majority of outputs are annual herbs with differing degrees of 

production and enhancement arranged in different periods, which suggests that 

horticulture is not so extensively compared with various businesses; These instinctual 

characteristics of agribusiness need innovative approaches of observation of crop 

growth and development and rural areas (Moe & Chen, 2008).    

       Satellite remote sensing 

technology achieves these criteria through its pace, accuracy, cheap, less time, 

complex, and repetitive observation limits (Sheffield et al., 2018). Remote technology 

sensors have been widely related to the agricultural industry since their emergence in 

the 1960s. Currently, a few global and national operating systems for remote sensing 

farming have been carried out. The amount of comparative organizational systems at 

the regional level is far greater. These systems have propitious and important data for 

the development, management, and organization of agriculture. Once again 

technologies for requirements in the agricultural sectors have also enhanced the 

progress and growth of remote technology identification. The core objectives of remote 

sensing for agricultural business governance and observation usually involve tapered 

evidence and agricultural land mapping, editing of production and 

estimation/forecasting of yields, reversing of main biochemical, physiological, and 

environmental variables, maintaining precision, etc. (Moe & Chen, 2008). 
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2.6  RESILIENCE OF CROPS AND CLIMATE  

Resilience is defined as the propensity of the system to retain its hierarchy and 

performance after frustration (Folke et al., 2004). Consequently, a flexible agribusiness 

can continue to provide essential management, e.g. for the production of food in the 

event of a severe drought or a major decline in rainfall. In agricultural contexts, crop 

diversity can be linked to stress and versatility on the basis that a diversity of living 

organisms is needed for natural mechanisms to survive and then for the management to 

be provided (Sridhar, Hubbard, & You, 2014). 

Understanding that global warming may have detrimental impacts on the 

development of agriculture needs to integrate strength into the botanical context. A 

threshold and economically feasible approach may be the expansion of extensive 

gardening production (Lin, 2011). Bolstering yields can improve intensity in a variety 

of distinctive: by stimulating a more individual performing to curtail disrupted burst 

and dissemination of diseases, which could increase in future atmospheric conditions, 

and by caching crop production from disruptions of even more significant atmospheric 

variability and unprecedented prospects. Such benefits lead to the prominent value of 

supporting crop improvement to maximize flexibility, but the variety was modest (Ren, 

Qin, & Ren, 2019).     

Undeniably, growers are profoundly concerned about global warming and that 

the increased introduction of improved rural mechanisms might be a helpful path to 

integrating flexibility into agricultural mechanisms. Problems concerning for the 

extension of the receipt of expanded agricultural administration strategies are both 

rational and political. In the rational area, the collection of extended cultivation 

mechanisms could be improved if agronomists might have a better understanding of 

how to develop an improved framework to maximize production and profits (Passioura 

& Angus, 2010). Reap-and-scene re-enactment models that can demonstrate a 

succession of atmospheric circumstances and scenes showing agricultural noteworthy 

circumstances will allow agronomists to explore perfect technologies for production 

and profit (Reijntjes, Haverkort, & Waters-Bayer, 1992). Partner-based qualitative 

research would also be highly useful since experts might explain methods that seem 

feasible to agronomists. 

In the context of farming, crop diversity can be related to stress and intensity in 

the terms of the reality that a decent variety of species is needed for ecological systems 
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to operate and for the management to function (Swift, Izac, & Van Noordwijk, 2004). 

Evicting whole functional communities of organisms or removing entire trophic levels 

can cause natural systems to shift from the desired to the less-desired level, affecting its 

potential to deliver environmental management (Folke et al., 2004). This influence is 

reflected in the possibility that rural mechanisms will, as at present, be in a less-desired 

condition for the transition of ecological group management. 

2.7 ESTIMATION OF EVAPOTRANSPIRATION AND MOISTURE 

AVAILABILITY 

Evapotranspiration (ET
0
) is indeed a vital part of the water cycle. The 

measurement of ET
0
 at high temporal and spatial resolution is critical for the planning 

and management of agricultural water sources (Hargreaves, 1975). High accuracy 

spatial-temporal resolution ET
0
 products that could be obtained from satellite imagery 

are needed for quantitative analysis and enhancement of irrigation system, however, 

there are trade-offs among temporal and spatial resolution of satellite imageries. To 

address this constraint, (Monteith, 2017) assessed the need for a data fusion framework, 

ESTARF Model, for measuring the surface variables required to determine a daily ET
0
 

at a resolution equal to Landsat. Ground variables were often utilized to operate the 

updated SEBS model to predict ET
0
 daily at 100m spatial resolution in an arid zone. 

The suggested method for calculating regular ET
0
 at 100m resolution utilizing more 

than one source of data could also be useful to many other diverse ecosystems by 

creating a model for monitoring water resources at both the watershed or on a wider 

level (Palutikof, Goodess, & Guo, 1994). 

Knipper, Hogue, Scott, & Franz (2017) have devised a framework for 

determining the actual ET
0
 using multi-platform remotely sensed imageries over a 

semi-arid area. Significant spatial differences in overall annual ET
0
 have been noted, 

referring to the vegetative features of the area. Spatial evaluation between simulated 

subsurface soil humidity and ET
0
 forecasts reveals improved correlation across areas 

with inadequate soil water supply. On the other side, there are relatively low relations 

among areas with ample soil water supply. The availability of soil water is known to be 

a significant constraint in the ET
0
 estimation method.  However, in areas of high soil 

moisture compared to lower altitude shrublands, like high-altitude forests, there is less 

use of soil water availability which in this case is not a limiting factor. As a result, this 

assumption requires that unrealistic ET
0
 values are nearer to the potential value, 

causing an overestimation of ET
0
 in these areas. Territories categorized as shrublands 
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show high heterogeneity in the linear relationship between the simulated subsurface 

moisture content of soil and ET
0
, with regions reported significantly higher correlations 

corresponded with much more realistic annual total ET
0
 estimates while those regions 

reporting weaker associations corresponded with inflated figures. Site variations are 

likely to be related to site-specific plants and soil attributes, accessibility of 

underground water, and addition of pixels variability. MOD-ET
0
 indicates the lowest 

difference between the simulated cumulative ET
0
 and the average percentage observed 

between different locations. Given the disadvantage that it is only usable in cloudless 

conditions, the methodology outlined can also give evidence of evaluability in an 

operating environment. Explicitly, this technique is capable of promoting regional 

management of drought, enhancing water distribution, and decision making in an area 

where water security is critical (Courault, Seguin, & Olioso, 2005).  

For agricultural production, the main factor which determines it is water. A 

large quantity of available water was used for agricultural irrigation. These days there is 

indeed water scarcity worldwide, hence it is appropriate to implement water-conserving 

irrigation techniques as a practical alternative, also the effective usage of water for 

irrigation is now extremely valuable. In crop production, irrigation planning is an 

important management element to guarantee optimal soil moisture conditions for 

optimal crop growth and production, and also for maximum yield, water efficiency, and 

financial advantages (Ratan Lal, 1974). It is important to establish irrigation 

management plans under local environmental conditions to allow competent and 

operative use of water resources for growing crops. On the sand, regular usage is 

extremely beneficial relative to soft clay. This is due to the downward and horizontal 

flow of soil water in sandy and clay soils (Dukes & Scholberg, 2005). As a result, the 

production and water effectiveness of irrigated crops have improved significantly with 

growing rates of management decisions. As a consequence, the need for crop water is 

reflective of crop modeling planning’s that are constructive for agricultural 

sustainability especially in the light of climatic changes. Crop yield also is aided by 

forecasting data (Egbebiyi, Lennard, Crespo, & Mukwenha, 2019). 

Water scarcity is a major constraint for the agriculture sector, and changing 

climate would impact the use of agricultural water. Studying the impact of 

environmental changes on crop irrigation requirements (CIR) will aid to combat 

climate change from a water sustainability and food security point of view (Li & Zhou, 

2017). 
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The requirement for crop water of important crops, namely. Rice, banana, 

coconut, tomato,  brinjal, etc were calculated using the FAO  CROPWAT model in 

different AEUs (Surendran, Sushanth, Mammen, & Joseph, 2015). Monthly water 

consumption has also been developed using ET
0
 and EF (effective rainfall) in each 

agro-climatic zone. Based on the above, the total demands for irrigation, and the 

irrigation length for different crop produced in various AEUs have been calculated. 

Based on these results, the present and simulated requirement for watering crops in all 

of these AEUs have also been calculated (Smith, Kivumbi, & Heng, 2002).  It would be 

practically impossible to combine the projected demands for these current water 

sources at a given time. This means that there would be scarce periods of water and at 

those times, either a decline in the area of command or schemes described in this paper 

must be implemented for the maintenance of agricultural productivity.  

2.8 LAND AND SOIL ASSESSMENT WITH RESPECT TO CROP 

SUITABILITY 

Over time, crop yields have made a significant contribution to rural economic 

growth and food security in developing countries, especially in favor of rural areas. 

Data on numerous subjects, including environment, irrigation, soil, maps, and, satellite 

imagery are needed. Bock et al., (2018) analyzed satellite imagery to generate DEM, 

LULC map, and NDVI map and used GIS for thematic mapping, measured percentage 

of attribute data, and developed crop suitability maps using the weighted overlay 

analysis tool. The soil type is best suited for rice, yam, and cassava cultivation. Many 

places have been significantly fit for the production of yam, cassava, and rice. Few 

areas have been considered to be fairly appropriate for yam, rice, and cassava 

production. Areas with poor suitability included yam, cassava, and rice. This study 

illustrated the value of suitability mapping of crops and suggests that societies of 

growers and decision-makers use the knowledge given to enhance executive strategies 

and planning for crop production enhancement. 

Thudi (2014) used different aspects of knowledge to determine whether the 

field was best suited for chickpea planting in different times and methodologies, such 

as spring irrigation cultivation and autumn dry farming. These causes, as well as 

climatic indicators such as land use, soil, and topography. Detail of necessary data 

depending on category, origin, and spatial size of the data. In the above-mentioned 

overlay analyses, reclassification of overlay layers is based on their fuzzy values into 

five classes of suitability, such as optimal, unsuitable, marginal, suitable, and very 
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suitable. This process generates data cluster groups and had used by several scholars in 

various domains (Neamatollahi et al., 2017; Karaka, 2014). The optimum zone for 

chickpea production is defined by max temp, min temp, precipitation, ET
0
, aspect, 

altitude, slope, soil texture, degree of soil erosion, and soil degradation, and LULC. 

To further enhance knowledge of climate effects on crop productivity, 

(Egbebiyi, Crespo, & Lennard, 2019) interpreted and investigated the general inclusive 

concept of crop-climate deviation from historic variance in West Africa and used 4 

downscaled CMIP5 GCMs were used. All four GCMs relate with the meteorological 

statistics in their modeling of month-wise average temperature and monthly net 

precipitation in the Sahel/Savanna areas, nevertheless to some extent in the Guinea 

region. In relation to crop rotation, the present situation has high maize suitability in the 

Sahel/Savannah AEZ areas, whereas simulated predictions foresee the capacity of 

maize for further extension towards the Sahel AEZ. For maize, the Guinea zone is not 

favorable but the area has a suitable microclimate for crops like pineapple and cassava. 

Notably, considering its latest crop system, Savanna AEZ is the utmost vulnerable to 

global warming and environmental change and displays the slightest resistance of the 

three studied zones. Adaptation to environmental change policies would include a 

priority to this   AEZ. The idea of crop climate partings have been used to describe the 

climatic relations of the crop, and also how food security can be improved in the future 

with appropriately robust adaptation plans and mitigation approaches. 

Chemura, Schauberger, & Gornott, (2020) provided a statistical baseline to 

assess the potential feasibility of certain plants and as a tool for designing climatic 

condition sensitive farming techniques that aren't always possible anywhere. They 

argued that the effects of global warming on various plants, locations, and climate 

situations are irregular as well as exemplify the plants and fields most prone to be 

impacted. They evaluated the suitability of various crops by effectively recording the 

benefits/disadvantages of several co-benefits which can be collected from different 

crops that are widespread in tropic regions and are not documented/identified in 

specific plant evaluations. The findings of the research include a theoretical framework 

where a regional hazard estimate of the effects of global warming on a variety of plants 

is being carried out. Because the data was spatially precise, areas requiring priorities of 

mitigation strategies can be interpreted as experiencing the greatest fluctuations in the 

feasibility of the site as well as the number of appropriate plants. There is still a 
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possibility that comprehensive climate-adapted planning will mitigate the impact of 

global warming and environmental change. 

Many soils are not suitable for cultivation at any period, while some are 

appropriate all through the year; yet others have been characterized by several growth 

periods. Increasing seasonal variations are a valuable indicator of climate change, but 

they have a range of important climatic implications. For instance, if the length of the 

growing period is decreasing, this could mean that planting cycles need to be changed 

and that common crops are not completely mature, leading to reduced production. 

Increasing the duration of the growth period can lead to early cultivation, ensuring 

ripening and making many crops more likely to grow. Extended growth periods may be 

especially favorable for annual crops but may also contribute to increased pest and 

disease impacts (Shang & Liu, 2010). Changes in the length of the growing season are 

directly connected to changes in the overall seasonal variation, which are an essential 

element of recent changing climate studies (Merugu & Mathyam, 2015). 

2.9 AGRO CLIMATIC AND AGROECOLOGICAL STUDIES FOR LAND 

POTENTIAL 

Climate is the collection of mean environmental conditions that define the area. 

It directly impacts the main anthropogenic activities. Climate classification systems are 

valuable techniques for the research on the crop, allowing the understanding of the 

climatic conditions of the area (Köppen, Eduardo, Aparecido, Rolim, & Richetti, 2016). 

Climate classifications have been defined on the macro scale by the Köppen system and 

the mesoscale by the Camargo and Thornthwaite systems. Climatic classification 

schemes distinguish wet and cold from dry and warm areas.  

Climate-resilient plants are required in dry areas. However, farmers may not 

understand if their regions are suitable for agriculture and thus do not invest in their 

execution. Agro-based climatic zoning will offer guidelines to farmers. The discovery 

of possible regions for the development of these crops will also lead to agro-climatic 

zoning. Researchers got data on air rainfall and temperature from 852 state weather 

stations to identify the areas as unsuitable, slightly suitable, or suitable. Suitable areas 

have rainfall ranging from 800 to 1600 mm/y and temperature between 22 to 27 °C. 

Marginally suitable areas had rainfall of < 800 mm/y and temperature between 22 to 27 

°C. Unsuitable areas had a temperature of < 22 °C or > 27 °C.  Kriging interpolation 

technique was used to interpolate rainfall and temperature data from all weather 

stations in Arc GIS. The ACZ was accomplished by overlay analysis of temperature, 
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and rainfall raster files. ACZ has made it possible to identify regions by climate 

suitability (Eduardo et al., 2018). 

Sustainable agricultural development needs a concerted attempt to organize land 

use services most suitably, and apart from several other programs under the 

administrative and policy program. Agro-ecological zoning (AEZ) is among the most 

critical approaches to agricultural growth strategy since the persistence and malfunction 

of specific land use or farming framework in a particular area depend heavily on careful 

evaluation of agro-climatic conditions. This method is often used to classify agro-

climatically uniform geographic regions for agricultural development planning and 

other initiatives. Modern technologies like remote sensing (RS) technology and 

geographic information system (GIS) have provided modern parameters for the 

efficient monitoring and management of agricultural land in an intuitive way for agro-

ecological zonation. The method proposed could prove to be very useful for the 

formation of AEZ's in mountain ecosystems. Existing techniques, including those based 

on climate, physiography, agricultural areas, soils, and, the analysis of aerial photos, are 

also best improved by a prior analysis of suitability. The research investigated and 

revealed the effectiveness of AEZ as a powerful method of generating a good map that 

gives a holistic impact on decision-making. Suggested suitable land use depend on the 

AEZ map (Almhab, 2011). 

Singh (2018) used the following agro-ecological zoning methodology. Weather 

records and latitude and longitude have been transformed into a decimal number for 

each weather station for spatial analysis. The map was digitized and temperature, 

precipitation, and LGP and moisture index layers were prepared using Arc GIS. These 

layers have been merged by the union tool and the polygons have been categorized. 

The LGP and moisture index zones were combined with several supplementary 

geographical data of soil characteristics in a reasonable way to delineate various ACZ’s 

and AEZ’s and sub-zones. These zones managed to improve the growing season in 

terms of precipitation, temperature, foliage, and their combination. A change in the 

temperature zone to the southwest was detected. The research would be very essential 

for the implementation of the agricultural system and also the farming schemes and it 

will fill gaps in the ecological zone of the region. These zones were homogeneous in 

terms of temperature, growing seasons, and soil characteristics, including all the 

characteristics of the abiotic crop system.  
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2.10 CROP ECONOMIC SUITABILITY AND ECONOMIC INDICATORS 

The decision parameters for the realistic suitability of crop cultivation depend 

on the economic return on that investment. The study of the production cost and 

profitability of businesses reveals the weakness and strength of the agricultural 

community and the related farm businesses and helps to identify which crops are to be 

grown in a specific AEZ. To formulate an economic assessment, there is a need for 

district-wise data on agricultural output, farm product rates, and production costs. 

Evaluations can be useful in formulating efficient pricing policies and agro-economic 

zoning and expansion. The existing data problems, if addressed, can help to improve 

knowledge of agro-economic zones (FAO, 2019). 

Deressa (2007) used LUT's unique cost of production variables, where fixed 

price and variable costs variables are represented as linear yield functions, inferred 

from inferential statistics, and calculations for every one of the economic crops 

included in the grid-cell analysis of the particular cost of production for the calculated 

agro-ecological outputs. Also, the mean farm product prices assess the corresponding 

net earnings per unit area that can be achieved. The various crop-specific findings are 

being used to create a Geodatabase representing the 'umbrella' region of achievable net 

profits, which will be computed for projected agro-ecological yields on the presumption 

that the best-performing crop from the eight economic crops included in each grid cell 

is soybean, oil palm, para-gum, rice, cassava, coffee, sugar cane, para-gum, and maize. 

To demonstrate and map the relative benefit in terms of total revenue achievable 

compared to the better available alternative, every economic crop is then related to this 

umbrella region.    

Global economic indicators give a sign of favorable or unfavorable shifts in 

meteorological or social and economic factors that have existed or will exist in several 

countries in the future. These primary indicators could enable software developers, 

landscape planners, and decision-makers to implement innovative strategies and adopt 

new policies (Baumohl, 2012). 

In this study GIS-based integrated approach is used for delineation of agro-

climatic and agro-ecological zones. Spatial databases of all factors contributing towards 

agriculture production were developed. Moreover, expert’s opinions were taken into 

consideration for the development of crop norms leading to cropland suitability and 
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profitability. The databases thus developed will be updated as per changing climatic 

conditions, moisture availability, and market trends. 
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CHAPTER 3 

MATERIALS AND METHODS 

Agriculture is one of the most important activities human beings are performing 

till now and climate change is being the main hazard and its enrichment depends on the 

potential of the land. In this context, policymakers, researchers, and agricultural experts 

are required to provide updated climate change data and its effects on crop production. 

So, there is a requirement to acquire temporal and spatial data consistently and up-to-

date about vital factors of climate change with soil characteristics, their influence on 

crop-producing areas, and climate crop resilience to improve decision making in this 

regard. A comprehensive GIS and Remote Sensing based methodology were developed 

in this research with up-to-date research material to assess the agro-ecology with land 

evaluation in Punjab province to cater to food security issue spatially and temporally. 

The materials and methods with geospatial information mentioned below were used in 

this study for the delineation of zoning of agro-ecological with location-based crop 

suitability and profitability.  

3.1 STUDY AREA 

Punjab province is the land of five rivers situated at 31.17° N and 72.70° E. It 

covers an area of 205,344 sq km. After Baluchistan, area-wise it is the second-

largest province in Pakistan and also the largest province in terms of population. Its 

provincial capital is Lahore. It occupies about 26% of the total land area of Pakistan. It 

shares boundaries with Khyber Pakhtunkhwa, Baluchistan, and, Sindh, and also with 

the country's capital Islamabad and the Azad Jammu, and Kashmir. Indian states of 

Punjab, Rajasthan, and Jammu and Kashmir also share boundaries with it. The soil of 

Punjab is deposited by the Indus River and its tributaries. The Indus River is one of the 

longest rivers of Pakistan as well as its Punjab province. Province mostly has fertile 

land, but some areas have mountains and deserts in the southern area of the province. 

Almost half of the areas of province Punjab depend on canal water irrigation and the 

remaining portion depends on rain-fed irrigation. There are two main cropping seasons 

in Punjab: one is Rabi season and the other is Kharif season. Wheat is the main crop of 

Rabi season in Punjab and also the most important crop of Pakistan for food security 

issues. Punjab produces the largest proportion of food products for the country and is 

therefore considered the food basket of Pakistan. For instance, up to 76.6% of the 

country’s overall wheat output is produced in the province. ―Grain Basket of Sub-

https://en.wikipedia.org/wiki/Four_Provinces_(Pakistan)
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Continent‖ is mainly attributed to Punjab province and it mainly relies on Upper Indus 

Basin for agriculture. Its role in the Economic growth of the country is high as 

compared to other provinces due to its share in Gross National Product. 

3.1.1 The Administrative Map  

    Punjab district wise administrative map (Figure 3.1) was retrieved from the 

database of the Institute of Geo-Information and Earth Observation, PMAS University 

of Arid Agriculture Rawalpindi. The map presented the boundaries of districts with the 

topography of the study area. There are two main mountain ranges in Punjab: one is 

situated in the upper area of districts Attock, Jhelum, Chakwal, and Rawalpindi is 

known as the Potohar plateau and the other is in the southern area of Punjab called 

Rod-e-kohi in district D.G Khan and Rajanpur. There are two deserts in Punjab 

province: one is the Cholistan desert in Bahawalpur and Bahawalnagar districts and the 

other is the Thal desert, which is in Khushab and Bakkhar districts. 

 

Figure 3.1: Study area map of Punjab province 
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3.2  METHODOLOGY 

 

Figure 3.2: The overall conceptual diagram of the research 

 

3.3 DATA USED  

Following spatial and temporal data have been used in this research for 

delineation of agro-climatic conditions, zoning of agro-ecology, mapping soil 

characteristics, crop area mapping with crop suitability, and economic profitability. 

 

3.3.1 Crop Calendar 

The Crop Calendar is a cycle of crop season that gives information on the 

spatial circulation of different harvest seasons. It contains time scale information of a 

particular crop of sowing, growing, and harvesting in its season. Every crop has a 

different stage-wise crop calendar from sowing to harvest and orchard crops have a 

calendar according to their fruiting to harvest period. Generally, crops have three 

stages: germination, vegetative, and reproductive stage. The Crop calendar (Figure 3.3 
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& 3.4) was downloaded from the Meteorological Department of Pakistan (PMD) 

website. 

 

Figure 3.3: Crop calendar of Punjab 

Figure 3.4: Crop calendar of Punjab 

3.3.2 Crop Statistical Data 

District wise crop area and yield data from the year 2000 to 2016 were collected 

from the Crop Reporting Services (CRS) department in collaboration with Punjab 

Agriculture Department and for crop economic suitability, data were prepared based on 

CRS data of cost, yield, revenue, and profit data of district level.  

3.3.3 Climate Data 
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In this research, data from the year 1985 to 2016 of all climate variables of 

weather stations of entire Punjab was obtained from the Pakistan Meteorological 

Department (PMD) as shown in table 3.1. Weather data are included minimum 

temperature (
0
C), maximum temperature (

0
C), sunshine hour, rainfall (mm), humidity 

(%), and wind speed (mi/hr). The all-weather station was mapped with district-wise 

boundary of the Punjab province in geographic information system as shown in Figure 

3.5.  

 

Table 3.1: Weather station information of Punjab 

Station Name Latitude Longitude Elevation (m) 

Bahawalnagar 29.88099 73.3525 158 

Bahawalpur 30.53333 71.78333 125 

Bhakkar 31.61667 71.06667 174 

Chakwal 32.91667 72.85 508 

DG Khan 30.05 70.63333 129 

Faisalabad 31.43333 73.13333 180 

Jhang 31.26667 72.31667 156 

Jhelum 32.93333 73.73333 225 

Johrabad 32.5 72.43333 204 

Khanpur 28.65 70.68333 90 

Lahore 31.55 74.33333 215 

MB Din 32.96667 73.8 216 

Multan 30.2 71.43333 122 

Murree 33.9 73.38333 2076 

Norpul Thal 31.86667 71.9 165 

Okara 30.8 73.43333 186 

Rawalpindi 33.4 73.21 530 

RY Khan 28.43333 70.31667 83 

Sahiwal 30.65 73.16667 158 

Sargodha 32.07874 72.67133 188 

Sialkot 32.51667 74.53333 249 

TT Singh 30.98333 72.78333 161 
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Figure 3.5: Location map of the weather station in Punjab 

3.3.4 Soil Data 

Soil Fertility Department of Punjab carried out a detailed soil survey in 2014 

across the province of Punjab, approximately 0.283 million samples of soil were taken 

from the province of Punjab. Soil data were collected using a simple random sampling 

technique in the study area. For this research, tabular information on soil texture, soil 

EC, soil pH, soil Potassium, soil Phosphorous, and soil Organic matter were obtained 

from the soil fertility department of Punjab and mapped based on latitude and longitude 

in the geographic information system environment as shown in Figure 3.6. Soil 

sampling density per area also calculated in the GIS environment as shown in Figure 

3.7. 
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Figure 3.6:  Soil samples of Punjab (Soil fertility department Punjab) 

 

 
Figure 3.7:  Soil samples density per unit area 

 

Soil data accuracy has remained a focused area during this study, the detailed 

soil data which was taken from The Soil Fertility Department Punjab was used in the 

delineation of agro-ecological zoning and crop suitability mapping to ensure this 

accuracy and to assess the quality of the research, a GPS based random sampling 

ground survey was carried out in the selected area of Punjab. Additionally, about 2500 

soil samples were collected from all over the study area as shown in Figure 3.8. After 

the collection of soil data, a detailed and profound analysis was performed in the lab 

and then both datasets were plotted in ArcGIS10.3 for overlay analysis with the same 

spatial area. The same areas with spatial data were extracted and then drawn in MS 

excel for XY scatter plot. It was observed that there was a strong relation between the 
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ground-truthing survey and data got from the government of Punjab. Figures 3.9 shows 

R
2
 is 0.87 and 0.81 of soil EC and pH.  

 

Figure 3.8:  Soil sampling map of Punjab (GPS based survey) 

 

 

Figure 3.9: Soil validation of EC and soil pH 

 

3.3.5 Digital Elevation Data 

The digital elevation model is an equal-area grid-based digital representation of 

land surface elevation according to the reference of geodetic datum. DEM data is 

generally used for the topographic surface in digital representation and it is also used to 

determine digital terrain and digital surface model with attributed and image 
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information, such as elevation at any point, slope, and aspect. Moreover, DEM data 

provides information about the landscape and its features and is used to describe the 

information of the spatially geo-referenced database for the encoding of topography 

and modeling purposes. Satellite-based imagery, aerial photograph, and ground survey 

with global positioning system data have been used for the extraction of digital 

elevation models (DEM). 

In this research, ASTER GDEM with a 30m resolution has been used for the 

representation of the topography of the province of Punjab. In Punjab, there are two 

mountain ranges situated: one is the Potohar area and the other is the Rod-e-Kohi area. 

The elevation range of Punjab from 11 to 2330m from mean sea level and its slope 

range is from 337.5 to 360.  As shown in Figures 3.10 and 3.11. Digital elevation 

model was used as an input dataset in the interpolation of climatic variables and also 

digital elevation model used for crop suitability land potential evaluation. 

 
Figure 3.10: Digital elevation model map of Punjab 
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Figure 3.11: Slope aspect map of Punjab 

3.3.6 MODIS NDVI Data 

Satellite-based measurements are being universally used to determine the 

differences in vegetation cover. An analysis of the temporal variations in vegetation can 

enable to assess of the yearly change of phenology because of the transposition of 

climatic conditions. Normalized vegetation difference index (NDVI) is commonly used 

to measure vegetation variations. Worldwide MODIS data sets of vegetation are 

reliable to offer precise spatial and temporal greenness of crop cycle. MODIS 

vegetation indices, developed with a different arithmetic combination of spectral bands, 

have accurate spatial-temporal correlations of the combined properties of the leaf area, 

canopy green vegetation, canopy shape, and chlorophyll contents, It could be utilized to 

observe and monitor the photosynthetic behavior of the Earth's vegetation concerning 

phenological, spatial and thermodynamic explanations. The product series of MODIS 

vegetation index has been widely used in landscape, climate, and environmental 

management research and operational analysis, as shown by a growing number of 

research publications. The MODIS NDVI product provides the capacity for wide-area 

crop monitoring by offering almost daily coverage of global science-quality data at 

(250m) resolution, free of cost for almost two decades. MODIS NDVI time-series data 

set gives a knowledge base for monitoring the condition of a particular crop category 

by matching its present NDVI status with the long-term mean NDVI trend in a given 

area. Due to its atmospherically corrected, calibrated, and significantly higher geo-

location quality data, MODIS enables the identification of complex multi-temporal 

vegetation index signatures of individual crops at a resolution of 250 m (M. R. Khan, 

Bie, Keulen, Smaling, & Real, 2010).  
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Chang, Lin, Wang, & Matthew, (2011) employed NDVI spatiotemporal trends 

obtained through the MODIS imageries, which provided an initial approximation of the 

start, offset and span of the growth period for six types of vegetation. 

In this research historical multilayer data of MODIS MOD13Q1 NDVI product 

TERRA satellite with a spatial resolution of 250m has been used for mapping of crop 

area estimation; 16 days temporal resolution of NDVI product (MOD13Q1) from 2000 

to 2016 was used for this mapping. Total 382 was downloaded then mosaicked, 

stacked, and re-projected on the geographic coordinate system (datum WGS-1984). 

 
Figure 3.12: MODIS image of NDVI  

Iterative Self-Organizing Data Analysis algorithm (ISODATA) clustering 

method of unsupervised classification was used in this study on a multi-layer image to 

identify various land use type (crop) mapping. 

Each vegetation land use has different temporal behavior on germination, 

vegetative and reproductive stage; every crop has a multi-temporal spectral response 

that is coherent with its phenological properties and most crop categories were 

spectrally different at a certain level during the crop cycle (Bruce et al., 2006). Spectral 

behavior of each signature of a specific crop link with the general crop calendar (Figure 

3.3) for mapping. 

3.3.7 Potential Evapotranspiration (ET
0
) 
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 Potential evapotranspiration (ET
0
) can be referred to as the probability of soil 

evaporation and plant water loss. The evaporation rate relies on an atmospheric 

condition, in particular the sun's radiative energy, air's vapor deficit, wind, and 

temperature. It is also calculated employing simple equations like Thornthwaite using 

easily accessible temperature and precipitation data, and it is done so successfully for 

even more than six decades; rainfall data, potential evapotranspiration (ET
0
) could be 

used to measure water balance. Potential measurements of evaporation absorbed are 

important in estimating the requirement of water for the plant as well as water losses 

due to evaporation in open spaces like the irrigated lands and lakes. Potential 

evapotranspiration is often based on a landscape and aspect, so that potential 

evaporation maps could be compared to the digital elevation model in such a way that 

these effects could be measured. Evaporation seems to be a loss, even though, this 

appears to be an integral requirement of plant growth. Several plants respond much 

better while evaporation happens at close to the potential level. Potential 

evapotranspiration (ET
0
) may theoretically be extracted based on heat exchange and 

radiative transfer methods. A broad range of approaches and modeling techniques have 

been established in this regard, with varying degrees of complexity (Sentelhas, 

Gillespie, & Santos, 2010). 

FAO 56 Penman-Monteith method has built a high-level standard with 

aerodynamic methods for estimating water loss into open water, barren soil, and 

vegetation; also these are other four famous method available for calculation of 

evapotranspiration i) Radiation, ii) Blaney Criddle, iii) Penman and iv) Pan 

Evaporation strategies but nowadays Penman-Monteith more reliable due to their 

ground-based accuracy (Sentelhas et al., 2010). In this regard, for the calculation of 

potential evapotranspiration Penman-Monteith method was used to estimate 

evapotranspiration in the province of Punjab. Climatic variables of maximum 

temperature, minimum temperature, sunshine hour, wind speed, and humidity data were 

used for the calculation of potential evapotranspiration. Penman-Monteith equation is 

shown in equation 1.  

         
0.408   ( n – G)   

900

T 273
 u2 (es – ea)

      (1 0.34u2)
         eq. 1 

  Where: ET
0
 = reference evapotranspiration (mm/day); Rn = net radiation at the 

crop surface (MJ/m2/day); G = soil heat flux density (MJ/m2/day); T = mean daily air 

temperature at 2 m height (°C); u2 = wind speed at 2 m height (m/s); es = saturation 
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vapor pressure (kPa); ea = actual vapor pressure (kPa); es - ea = saturation vapor 

pressure deficit (kPa);   = slope vapor pressure curve (kPa/°C); and   = psychrometric 

constant (kPa/°C). 

3.3.8 NDVI fraction (Fr) 

Vegetation fraction is an indicator of the percentage of vegetation cover 

(Kharrou et al., 2011). The following formula was used (Gillies, Kustas, & Humes, 

1997) to calculate the fraction of vegetation cover (Fr/Fov) as an indicator of vegetation 

coefficient in a pixel. 

        (
           

            
)
 

       eq. 2 

 

Where: Fr = fractional vegetation cover, NDVI = NDVI value of the image. 

NDVIs = NDVI value of bare soil, NDVIv = NDVI value of vegetation. 

Once the interpolation was done, actual evapotranspiration was estimated by 

using outputs of potential evapotranspiration (ET
0
) and the fraction of vegetation 

(presuming more ET in intense vegetation) with the help of Raster calculations in the 

GIS environment. The equation for calculating Actual ET is given below: 

 

                                                Actual                                                         eq. 3 

 

Where: Actual ET = actual evapotranspiration, ET
0 
= potential evapotranspiration, 

Fr = fractional vegetation cover. 
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Figure 3.13: Calculation and validation of ET from remote sensing data 

3.3.9 Moisture Index, Agro-climatic, and Agro-Ecological Zoning 

In 1948, C.W. Thornthwaite introduced the Thornthwaite Moisture Index (TMI) 

for the classification of climatic conditions of various geographical zones. TMI is 

primarily a result of potential evapotranspiration and precipitation. Potential 

evapotranspiration performs a key role in the calculation of TMI (Li & Zhou, 2017).  

The measurement of the TMI is carried out on an annual basis and is expressed 

in a quantity that is measured over a statistically relevant period to obtain true climate 

patterns for a specific area. Negative TMI shows low precipitation and arid climate-

related to potential evapotranspiration and typically low soil moisture. Positive TMI 

implies a tropical climate with adequate rainfall and typically high moisture in the soil. 

Zero TMI indicates that over a longer period, precipitation inflows under normal 

conditions are equivalent to soil moisture loss due to evapotranspiration (Karunarathne, 

Gad, Disfani, & Wilson, 2016).     

While TMI already has a major effect on the different areas influenced by the 

classification of climate, it is important to analyze the accuracy of the index for the 

parameters that govern these fields. Many studies looked at changing climate in the 

light of change of TMI and recommended changes to a design method using the 

projected TMI. Water balance employed for the TMI measurement may be achieved 

using various approaches, which therefore produces the separate results of TMI. 
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Different researchers adopted different approaches to measuring the TMI, which 

resulted in various design results. Because their measurements are dependent on 

different techniques, it is tough to distinguish their findings (Keim, et al., 2005). 

In this research, station wise mean daily data of evapotranspiration and 

precipitation were used in the water balance equation of TMI as shown in equation 4.  

        
[     ]

   
                               

eq. 4 

 

Agro-climatic zones are delineated based on the climate classification of the 

TMI. Also, TMI was used to estimate for Spatio-temporal variation of moisture and to 

delineate homogenous clusters in the province of Punjab according to TMI 

classification shown in table 3.2. 

 

Table 3.2: Scaling of moisture index 

Climate Type Moisture Index Zone 

Symbol 

Hyper arid -92.2 to -76.1 H 

Arid -76.0 to -63.3 E 

Semi-Arid -63.2 to -48.1 D 

Dry sub-humid -48.0  to -1.0 C1 

Moist sub-humid 1.0  to  20.0 C2 

Humid 20.1 to 100 B 

Very Humid >100 A 

 

 Sustainable and diversified agriculture systems should be developed through the 

addition of more profitable crops in existing cropping systems by evaluation of the bio-

physical usage of natural capital. Land assessment leads to the demarcation of agro-

ecological zones which present the power of different crops on a suitable biogeographic 

range for sustainable agricultural growth and production. In this study, a GIS-based 

comprehensive framework has been developed for the delineation of agro-ecological 

zones. Spatial databases of the climatic and edaphic variables were used for the 

demarcation of homogenous boundaries of agro-ecological zones. The GIS-based 

framework of the delineation of agro-ecological zones is shown in Figure 3.2. 
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3.4 LENGTH OF GROWING PERIOD 

The agro-climatic potential efficiency to a great extent relies on several days 

during the year where temperature system and Moisture gracefully is helpful for plant 

development and advancement. This period is named as Length of Growing Period. 

The growing period length is dictated by temperature and water balance estimations for 

a reference crop. In formal cases, the LGP is characterized by several days where 

normal day by day temperature and ET
a
 is over a particular division of ET

0
, which 

expects to catch periods when adequate soil dampness is accessible to all the 

foundation of reference crop. 

In this research, the derivative approach was used for the calculation of the Start 

of the Growing Season (SGS) and End of the Growing Season (EGS). SGS has been 

determined as the duration of the most positive derivate because of the progressive and 

fast rise in NDVI, whereas EGS has been calculated to be the period of minimum 

negative variable happening mainly because of fast decline in NDVI. The beginning 

period may be defined as the highest plant growth or the highest green-up grass in the 

growth period of vegetation (Thirupathi, Shashikala, & Prabhakar, 2015). The ending 

duration may be defined by the maximum abscission of the leaf or the maximum 

brown-off grass. The 'length' may be described as the length of time from start to end. 

The length can therefore be recognized as the time of the 'green vegetation'.  

3.4.1 Comparison of calculated LGPs using MODIS and Ground data 

Calculated LGPs from both approaches were compared by employing a paired 

t-test as the obtained values from both techniques were retrieved from the same 

monitoring unit. Consider, xi and yi, the calculated LGPs obtained from both 

approaches referring to an ith monitoring unit, followed by a statistical test to verify, if 

both approaches are substantially different or otherwise, is presented by  

                         
 ̅

  ( ̅)
         eq. 5 

 

3.5 CROP NORMS 

The suitable condition or environment a plant needs for its maximum 

production is called a crop norm, each crop has its own specific characteristics and 

requirements. In this research, crop norms of forty-five crops were assessed with the 

help of crop norm survey sheets. With the help of Figure 3.14, the four main parameters 



47 

namely crop water requirement, EC, temperature, and soil texture of forty-five crops 

were developed. 

 

 

Figure 3.14: Crop norm survey sheet



48 

 

Table.3.3:  Crop norms of forty-five crops 

Sr No.        Crop Type 

  

Crop Water 

Requirement (mm) 

EC Temperature °C 

Max       Min              

Soil texture 

 Agronomic 

Crops 

     

1 Cotton 500-800 4 40°C 26°C Medium loam, silty loam, sandy loam, medium-

heavy, & medium clay 

2 Wheat 300 4 28°C 6°C All types of soil, except heavy soil 

 Maize 500-800 4 38°C 20°C Loamy, silty loam, & medium clay 

3 Rice 1200 4 36°C 20°C Silty clay, clay loam, & clay 

4 Cotton 500-800 4 40°C 26°C Silty loam, sandy loam, loam soil, medium-heavy, 

medium clay, & medium loam 

5 Sunflower 500-1000 4 40°C 20°C Clay soil, medium clay, & silty loam  

6 Gram 200 4 28°C 8°C Silty loam & sandy loam 

7 Soybean 500-700 4 29°C 8°C Loam & medium clay 
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8 Groundnut 600 4 35°C 15°C Loam & medium clay 

9 Sesame 250 4 45°C 25°C Loamy sandy  

10 Canola 250 4 27°C 10°C Loam, clay loam, & silt loam 

11 Sorghum 300-600 4 42°C 20°C Loam, silt, sandy, & sandy loam,  

12 Millet 300-600 4 42°C 20°C Sandy loam, loam silt, & sandy,  

13 Lentil 260 4 26°C 8°C Sandy, sandy loam, & loam 

14 Sugar beet  300 4 30°C 12°C Silt clay, loam, & clay loam  

15 Linseed 350 4 30°C 10°C Sandy clay loam, & loam soil,  

16 Rapeseed & 

Mustard  

200 4 30°C 10°C Silt clay loam & sandy clay loam 

17 Barley  300 4 26°C 8°C Clay loam, silt loam, & loam 

18 Alfalfa  350 4 28°C 10°C Silt clay loam & silt clay 

19  Maringa  450 4 30°C 12°C Loam & sandy loam 

20 Sugarcane  1600-2000  40°C 20°C Heavy loam & medium clay 

21 Quinoa  225 4 35°C 15°C Sandy loam & sandy  
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22 Sudan grass  375 4 42°C 18°C Sandy clay, loam, sandy loam, clay, & silt clay  

23 Mott grass  200-300 4 40°C 20°C Sandy loam & clay loam 

Fruits 

24 Citrus  1250-1850 2 40°C 5°C Silt loam, loam, & clay loam 

25 Mango  890-1060 2 48°C 15°C Clay loam, silt clay, & sandy loam 

26 Guava  1000-2000 2 32°C 3.8°C Sandy clay & clay loam 

27 Strawberry  300 2 30°C 5°C Clay, silt, & clay loam 

 

Vegetables 

28 Garlic  400 3.9 25°C 15°C Loam, sandy loam, & sandy clay loam 

29 Spinach  250 2 25°C 10°C Sandy clay loam, silt clay loam, & clay loam  

30 Cabbage  250 1.8 25°C 10°C Clay loam, silt loam, loam, & sandy loam 

31 Peas  300 1.8 30°C 5°C Silt clay loam, clay loam, loam, & sandy loam 

32 Carrot  250-450 1 30°C 10°C Silt loam, loam & sandy loam 

33 Turnip  250 6.5 28°C 10°C Silt loam, loam & sandy loam  
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34 Radish  200-350 1 35°C 10°C Silt loam, loam & sandy loam 

35 Turmeric  1500 1.2 35°C 15°C Silt loam, loam & sandy loam 

36 Cauliflower  500 4 30°C 10°C Silt loam, sandy loam, & clay loam 

37 Potato  700-1000 1.7 29°C 12°C Clay loam, loam, sandy loam, sandy, & clay loam  

38 Tomato  500-1000 2.5 29°C 12°C Sandy clay loam, loam, sandy loam, & silt loam 

 

39 Onion  750-1250 1.4 35°C 17°C Clay loam, loam, silt loam, & sandy loam 

       

40 Capsicum 600-1000 1.5 28°C 15°C Clay loam, silt loam, & sandy loam 

41 Pumpkin  650-775 2.5 40°C 20°C Silt loam & sandy loam 

42 Squashes  650-775 2.5 40°C 20°C Sandy clay loam, clay loam, clay loam, & silt loam 

43 Gourds  650-775 2.5 40°C 20°C Sandy clay loam, clay loam, silt loam, & clay loam 

44 Okra  500-650 2.5 40°C 25°C Silt loam, loam, clay loam, & sandy loam  

45 Ginger  1500-2500 2.5 35°C 25°C Sandy clay loam, silt loam, & loam  



52 

 

3.6 AGRO-ECOLOGICAL CROP SUITABILITY MODEL 

Keeping in see for this investigation dependent on the yield conditions and 

different attributes of crops, the agro-ecological crop suitability model has been created 

utilizing model builder of Arc Info programming utilizing all crop-related of climatic 

conditions, soil surface EC, pH, and water accessibility. 

The information obtained from concerned divisions and with GPS based ground 

overview, for example, Climatic data acquired from PMD, Soil information from 

acquired with GPS based survey and for from soil department of Punjab. What’s more, 

ground review, and water accessible information from the Punjab Irrigation 

Department, were not as per a similar grid size. 

To determine the absence of consistency, all information was downscale over 

into a similar resolution. The significance of the results all information is converted into 

a spatial dataset and aligned on a similar grid size of spatial resolution. Then the crop 

suitability model of agro-ecological zoning has been run with a grid size of 100 by 

100m with equal-weighted overlay analysis of all datasets of crop norms according to 

their suitability criteria. 

 

Figure 3.15: AEZ crop suitability model  
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3.7 CROP PROFITABILITY ZONING 

The agro-economic suitability determining based on major three economic 

indicators, increase in yield, benefit-cost ratio, and increase net return. Field crops 

(Agronomic, Vegetable, and Orchard) are required different practices of soil, water, 

labor, and fertilizer input according to crop species. Vegetables require specialized soil, 

labor, time, and close attention (Navarrete, Dupré, & Lamine, 2015). In the last two 

decades satellite data-based technologies of the geographic information system, remote 

sensing, and GPS-based survey mapping have been proven and valuable techniques for 

assessment and delineation of agro-economic zoning (Andreo, 2013). In this research 

GIS and remote sensing were used as a technique for spatial data analysis towards agro-

economic suitability; spatial criteria for decision making were developed for the agro-

economic suitability of growing field crops in the province of Punjab. GIS-based 

quintile method of spatial analysis of the production of cost and net returns shows the 

strength and weakness indicator of crop growers and helps in decision making which 

field crop is economically suitable in which agro-ecological zone. Economic analysis 

was performed based on the district-wise data of the cost of production, the yield of the 

crop, and the price of the crop. District wise cost of the production yield of the crop, and 

crop price data of 25 field crops for years 2000 to 2016 was acquired from crop 

reporting services department Punjab. District wise cost of the production per hectare 

was figure out of each crop by the cost per kg and yield in a particular district. An 

equation was developed in this research for the calculation of net revenue (NR) from 

total cost (TC) and total revenue (TR). The developed equation is shown in equation 6. 

                                                            eq. 6 

        

            

     ∑(       )   
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3.8 GEOSTATISTICAL ANALYSIS 

For geostatistical analysis, all spatial datasets were on equal grid size on 

100m*100m. For accuracy evaluation of addition, 90% of the spatial data were utilized 

during the introduction; the remaining 10% were utilized for results validation during 

the process of regression. Topography (DEM) was also utilized for extra explanatory 

outcomes in interpolating various factors. 

A geostatistical interpolation technique that robotizes the utmost troublesome 

parts of constructing a substantial kriging regression model namely Empirical Bayesian 

Kriging (EBK). Other models of kriging in the geostatistical investigation will need a 

manual change of boundaries to get exact outcomes. Be that as it may, EBK 

consequently ascertains these boundaries through a procedure of sub-setting and 

reenactments. EBK likewise varies from various interpolation techniques by 

representing the mistake presented in assessing the concealed semi variogram. On the 

other hand, various kriging techniques determine the semi variogram from previously 

identified information areas and procure information of unknown areas utilizing that 

semivariogram. This technique certainly expects that the estimated semi variogram of 

the unknown areas is the genuine semivariogram. Other kriging techniques sneer the 

ordinary errors of expectation by not considering the vulnerability of semivariogram 

guesstimate. The semivariogram which is scientifically depicted as the mean square 

changeability between two neighboring tenacities of separation (h) as shown in the 

given equation: 

    ( )  
 

  ( )
∑ [ (    )   (  )]

  ( )
         eq. 7 

Where   (h) is the semivariogram communicated as a component of the 

greatness of the or separation vector h between two focuses or lag distance, N(h) is the 

number of perceptions sets isolated by z(xi) is the arbitrary variable at area xi and 

separation h.   (h) is tailored to a hypothetical model, for example, exponential, 

gaussian, circular, direct, to decide three boundaries, for example, range (A0), ledge 

(c), and chunk (c0). Isaaks and Srivastava (1989) characterized this model.  
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3.9 DATASETS 

Table 3.4: Showing the datasets used in the study 

Data Name Data Type Source Time 

Climatic Factor Point Climatic Data (PMD) 1985-2016 

Surface water Raster Observed Data (PIDA) 1985-2016 

Groundwater Raster Piezometer Data (PIDA) 1985-2016 

Soil Point Soil Sampling 2014 

DEM Raster Aster GDEM 2016 

Slope Raster Aster GDEM 2016 

Aspect Raster Aster GDEM 2016 

Land cover Vector Remote Sensing 2016 

NDVI Raster Earth Explorer 2000-2016 

Crop Norms Tabular Survey 2016 

Cost of Production Tabular Calculated 2000-2016 

Product Price Tabular AMIS website 2000-2016 

Production Tabular Crop Reporting Services 2000-2016 

Admin Boundaries Vector IGEO  epository 2016 

Settlements Vector IGEO  epository 2016 
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CHAPTER 4 

RESULTS AND DISCUSSION  

4.1 DELINEATION OF AGRO-CLIMATIC ZONES 

4.1.1 Climatic Variables  

The climatic variables of the Punjab province ranged between the upper region 

(Rawalpindi District) to the lower region (Rajanpur District and D.G Khan) were 

mapped (Figure 4.1). In the upper part of Punjab (Murree, Attock, and Rawalpindi), 

maximum humidity was detected while the least humidity in those areas where the 

temperature seems to be extremely high. The region of Rahim Yar Khan has the highest 

average temperature (32.9°C) followed by Rajanpur (33.5°C), Bhakhar (33.4°C), DG 

Khan (31.3°C), Gujrat (29.8°C), Jhang (29.5°C), Attock (27.8°C), Narowal (26.5°C), 

and Rawalpindi (20.4°C) as shown in Figure 4.1. On the other hand, extreme sunlight 

hours were seen in the Rajanpur (9.17) and the base daylight hour in the Rawalpindi 

regions (7.26). The wind speed of Muzaffargarh (3.95 miles/hour) was extreme and 

Toba-Tek Singh (1.0 miles/hour) observed the minimum wind speed. 

 

Figure 4.1: Climatic data maps  
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Rainfall variation patterns were also mapped which shows that gradually 

increasing pattern in the South as compared to the East due to topographical variations 

as shown in Figure 4.1. About 83mm to 1580mm average precipitation occurred in the 

last 30 years over northern districts of Attock, Chakwal, Jhelum, and Rawalpindi. The 

southern part of Punjab province shows less rainfall and caused drought, approximately 

50 to 351 mm average annual rainfall observed in district Rajanpur and D.G. Khan, 

Bahawalnagar (Figure 4.1). 

 

4.1.2 Estimation of Potential Evapotranspiration 

The potential evapotranspiration (ET
0
) of each climate station was calculated 

using the Penman-Monteith technique using CROPWAT 8.0 software. The map of ET
0 

was generated by interpolation technique using Arc Map software (Figure 4.2). 

About 1.5mm to 3.14mm average annual per day of ET
0 were calculated in the 

last 30 years over Punjab. Maximum ET
0 was observed in the South Punjab districts 

(Bahawalpur, Bahawalnagar, Rahimyar khan) while minimum ET
0 was observed over 

northern districts Attock, Chakwal, Jhelum, and Rawalpindi (Figure 4.2).  

All the meteorological conditions vary in space and time and hence it affects 

evapotranspiration. Evapotranspiration is minimum in higher rainfall areas and 

minimum temperature zones while maximum in fewer rainfall areas and maximum 

temperature zones, depending on the availability of moisture, provided by rainfall. 

Mostly evapotranspiration is high in southern area of the Punjab and evapotranspiration 

is very low in mountainous region in the study area. Rainfall condition in the study is 

increasing trend from southwest to northeast part. Increased evaporation potential can 

increase crop stress and reduce crop production. Changes in ET are important for the 

determination and control of irrigation. Evapotranspiration mapped 1.5mm/day in north 

of the study area in sub district of Murree.  In the southern part of the province Punjab 

evapotranspiration is high up to 3.14mm/day as shown in the figure 4.2, in these areas   

temperature is   high as compared to the other areas of the Punjab as shown in the 

figure 4.1.  It was observed that evapotranspiration in very low where rainfall mapped 

high. Evapotranspiration were mapped in ten classes to show the numeric 

representation of of the data, in the province Punjab evapotranspiration  varies from 

1.5mm per to 3.14mm per day with increasing trend from north  west to south  as 

shown in figure 4.2.
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Figure 4.2: Potential Evapotranspiration map 

 

4.1.3 Satellite-based Moisture Content and Moisture Availability 

Satellite-based MODIS product data used for the calculation of moisture index 

(MI) from 2000-2016. About <-100 to >100 mm average annual range MI was 

calculated over Punjab. The moisture index value was observed from semi-arid to arid 

climatic type of TMI classification in the South Punjab districts (Bahawalpur, 

Bahawalnagar, Rahimyar khan) and central areas of Punjab mapped moist sub-humid to 

dry sub-humid type while maximum MI was observed over northern districts Attock, 

Chakwal, Jhelum, and Rawalpindi. Normal patterns of MI have been seen in the 

northeastern and western upper portions of Punjab province. A slight change in MI 

during years 200, 2010, 2015, 2016 was foreseen (Figure 4.3). 

MI is maximum in higher rainfall areas and minimum temperature zones while 

minimum in fewer rainfall areas and maximum temperature zones, depending on the 

availability of moisture, provided by rainfall. Changes in MI are an important 

parameter for the determination and control of irrigation.  
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Figure 4.3: Satellite-based moisture index of Punjab 

  

4.1.3.1 Scaling of Moisture Index 

According to the classification of moisture index, seven classes of agro-climatic 

zones were delineated.  Agro-climatic zones are delineated as Hyper Arid, Arid, Semi-

Arid, Dry Sub-humid, Moist Sub-humid, Humid, and Very humid (Table 4.1). These 

zones were classified based on their moisture content. Range of Hyper Arid lies 

between -92.2 to -76.1 zone symbol with H, Range of Arid lies between -76.0 to -63.3 

symbol with E, Range of Semi-Arid lies between -63.2 to -48.1 symbol with D, Range 

of Dry Sub-humid lies between -48.0 to -1.0 symbol with C1, Range of Moist Sub-
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humid lies between 1.0 to 20.0 symbol with C2, Range of Humid lies between 20.1 to 

100 symbol with B, Range of Very Humid lies between >100 symbols with A.  

The southern areas of Punjab were mostly dry due to less rainfall and high 

temperature while the northern part has variable sorts of atmosphere. About 50 to 70% 

of the zone of Punjab is a dry area while the northern area of Punjab was mapped in a 

humid too moist sub-humid area. Also, a minor area in the upper part of Punjab is 

delineated in a very humid class of TMI.  

Table 4.1: Table of moisture index Scaling and symbols 

Climate Type Moisture Index Zone Symbol 

Hyper arid -92.2 to -76.1 H 

Arid -76.0 to -63.3 E 

Semi-Arid -63.2 to -48.1 D 

Dry Sub-humid -48.0  to -1.0 C1 

Moist Sub-humid 1.0  to  20.0 C2 

Humid 20.1 to 100 B 

Very Humid >100 A 

 

4.1.4 AGRO-CLIMATE ZONES BASED ON CLIMATIC PARAMETERS & 

MOISTURE INDEX 

The delineation of Agro-climatic zones was done based on the TMI and Iso-

line/Isopleth climatic parameters. Punjab province was delineated into seven different 

zones from A to H classification of TMI ranges.  Minimum MI was observed in the 

South Punjab districts (Bahawalpur, Bahawalnagar, Rahimyar khan) and upper areas of 

Punjab (Attock, Chakwal, Jhelum, and Rawalpindi) have maximum moisture index 

(Figure 4.4). Normal patterns of MI have been seen in the north-eastern and western 

upper portions of Punjab province. Northern part of the province is humid to sub-humid 

while southern part of the province is arid to semi-arid zone. 

Agro climatic zones of Punjab were delineated on the basis of homogenous 

characteristics of TMI classification. There were seven different agro-climatic zone 

delineated as shown in figure 4.4. Zone-A shows the highest soil moisture content 

while Zone-B with suitable moisture which was valuable for Barani area crops. Zones 

H and E are arid to semi-arid in the southern part of the study area (Figure 4.4). Also, 

temperatures with high and less rainfall in the southwest area of Punjab. 
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Figure 4.4: Agro-Climatic zones of Punjab 

 

Figure 4.5: Agro-climatic zones map of Punjab 

 

4.1.4.1 Climatic Variables Accuracy Assessment 

Climatic variables were mapped using ArcGIS software and the accuracy of the 

results is shown in Figure 4.6. The value of R
2
 is approximately 0.99 which indicates a 

strong relation between non-interpolated and interpolated datasets. 
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Figure 4.6: Scatter plot graph between interpolated and non-interpolated variables 

4.2 SOIL MAPPING 

4.2.1.1 Soil Texture  

Twelve different soil textures were mapped, including Heavy Clay, Clay, Clay 

Loam, Loam, Medium Loam, Medium Clay, Sandy Loam, Sandy, and Silt Loam. 

Loam soil and Sandy soil were dominant in the study area, whereas Clay and Silt Loam 

also dominant in the north-eastern portion of the study area. A mixture of Clay, Sandy, 

and Silt Loam in the Thal area and some areas of the Bahawalpur, Sialkot, and Narowal 

districts. Loamy and Clay soil was present in the upper region of Punjab. There was 

Sandy soil in the southern part of Punjab in a desert-like climatic region (Figure 4.7). 

 

Figure 4.7: Soil texture of Punjab 
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4.2.2 Soil Characteristics and Mapping Units/Classes  

Below listed soil chemical composition were mapped based on analysis of 

collected soil Characteristics 

 Soil EC 

 Soil PH 

 Soil phosphorous 

 Soil Potassium 

 Soil organic matter  

The soil electrical conductivity range lies between 0.07 to 27 ds/m. It was 

classified into 4 units/class. Normal class lies between 0-4 ds/m, Moderate slightly 

saline lies between 4-8 ds/m, Moderate saline 8-15 ds/m, and Strong saline lie> 15 

ds/m. Soil electrical conductivity increasing in the south of Punjab districts 

(Bahawalpur, Bahawalnagar, Rahimyar khan) and Gujranwala districts while 

decreasing towards northern districts (Attock, Chakwal, Jhelum, and Rawalpindi) 

(Figure 4.8). 

The soil pH range lies between 1.5 to 10.0mm. It was classified into 4 classes. 

Normal class lies between 0-4 ds/m, Moderate slightly saline lies between 4-8 ds/m, 

Moderate saline 8-15 ds/m, and Strong saline lie> 15 ds/m. It is moderate in all over 

Punjab but little bit decreasing towards northern districts (Attock, Chakwal, Jhelum, 

and Rawalpindi) (Figure 4.8).  

The soil Phosphorus range lies from 0.07 to 282. Its range is low to moderate all 

over Punjab but a little bit decreasing towards northern districts (Attock, Chakwal, 

Jhelum, and Rawalpindi) (Figure 4.8). 

The soil Potassium range lies from 1.16 to 954. Its range is low to moderate all 

over Punjab but a little bit decreasing towards northern districts (Attock, Chakwal, 

Jhelum, and Rawalpindi) (Figure 4.8). Soil Potassium increasing in the south of Punjab 

districts (Bahawalpur, Bahawalnagar, Rahimyar khan, and Gujranwala districts while 

decreasing towards northern districts (Attock, Chakwal, Jhelum, and Rawalpindi). 

         Soil organic matter 
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lies from 1.16 to 43.6. It is low to moderate over the province of the Punjab but has an 

increasing trend in Bahawalnagar districts (Figure 4.8) about 23.5 to 43.5, reason might 

be desert area or heavy sandy soil in these area as shown in below figure. 
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Figure 4.8: Soil characteristics map 

4.2.3 Soil Data Validation 

 

Figure 4.9: Soil validation graphs 

The temporal distribution of in-situ soil data of Punjab was observed, which 

demonstrating significant relevancy (Figure 4.9). Validations were performed by 

correlating interpolated and the non-interpolated pH of soil data and Field survey and 

soil survey data of EC which showing maximum relevancy. Secondly, validation of 

interpolated and non-interpolated pH of soil data and Field survey and soil survey data 

were performed by scatter plot, which shows the value of R
2
=0.8755 and 0.8176 

respectively (Figure 4.9).  

4.3 DELINEATION OF AGRO-ECOLOGICAL ZONES 

Agro-Ecological zones were delineated with spatial overlay analysis of agro-

climatic zone and with soil type using Arc GIS spatial analyst overlay technique. 

During the delineation of agro-ecological zoning, equal weightage was assigned to all 

variables based on their characteristics and importance. 14 agro-ecological zones were 

delineated with the same characteristics of soil texture and agro-climatic zone variation 

(Figure 4.10). After delineation of agro-ecological zone, zone ID and zone name was 

assigned with the area familiarities also on existing cropping pattern. It was observed 

that area wise zone small in north and south region and area wise zone large in central 

area of the study. 
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Figure 4.10: Map of Agro-ecological zones of the study area 

 

 

Figure 4.11: Map of Agro-ecological zones of Punjab with district boundary 
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4.3.1 Characteristics of AEZ of Punjab 

During the delineation of agro-ecological zoning, weightage was assigned to all 

variables based on their characteristics and importance as shown in table 4.2.  The 

Cholistan Desert lies in Zone I which is mostly sandy, the temperature varies from 

12.31 to 39 C with minimum rainfall 230mm, ET 3.20mm, and EC .07 – 27. Zone II is 

mostly Arid Irrigated which is mostly Arid Irrigated sandy, temperature varies from 12 

to 40.41 C with minimum rainfall 240 mm, ET 3.10 mm, and EC 0.07– 27. Zone III 

was mostly Cotton-Sugarcane which is mostly Clay loam (10%), Sandy loam, Loam 

(35%), temperature varies from 12.40 to 39.93C with minimum rainfall 243 mm, ET 

2.93 mm, and EC 1.73 - 27. Zone IV was Rod-i-Kohi which mostly sandy loam, 

temperature varies from 12.40 to 39.42 C with rainfall 255 mm, ET 3.10 mm, and EC 

0.07- 27. Zone V is Semi-Desert Irrigated which is mostly Sandy loam (21%), Clay 

loam (9%), temperature varies from 12.38 to 38.94 C with rainfall 255 mm, ET 2.88 

mm, and EC 1-27. Zone VI was Mix Cropping which is mostly Loam (45%), Sandy 

loam (55%), Clay (5%), Loam, temperature varies from 12.99 to 39.47 C with rainfall 

460 mm, ET 2.62mm, and EC 0.6-2. Zone VII was Cotton Mix Cropping which is 

mostly Loam, Sandy loam (5%) temperature varies from 12.08 to 38.52 C with rainfall 

580 mm, ET 2.71 mm, and EC 0.07- 11.8. Zone VIII mostly Maize Wheat with Mix 

Cropping which is mostly Loam, Sandy loam (3%), Clay loam (1%) temperature varies 

from 11.06 to 37.86 C with rainfall 590 mm, ET 2.65mm, and EC 0.07- 6.83. Zone IX 

was Thal-Gram Crop which is mostly Sandy (35%), Sandy loam (50%), Loam (10%) 

and Clay (5%) temperature varies from 11.35 to 39.21 C with rainfall up to 612 mm, 

ET 2.25 mm, and EC 0.07- 1.7. Zone X was Rice-Wheat which is mostly Sandy (35%), 

Loam, Clay loam (6%), Sandy loam (2%) temperature varies from 11.80 to 36.96C 

with rainfall up to 760 mm, ET 2.75 mm, and EC 0.07- 1.79. Zone XI was Thal zone 2 

which is mostly Sandy loam (45%), Loam (45%), Clay loam (5%) temperature varies 

from 10.91 to 37.80 C with rainfall up to 1120 mm, ET 2.34 mm, and EC 0.07- 3.7. 

Zone XII was Rice zone 2 which is mostly Loam (40%), Sandy loam (20%), Clay loam 

(10%) temperature varies from 11.71 to 35.53 C with rainfall up to 1250 mm, ET 2.34 

mm, and EC 0.07- 1.79. Zone XIII was Groundnut which is mostly Sandy loam (5%), 

Loam (95%) temperature varies from 10.27 to 36.36 C with rainfall up to 1620 mm, ET 

2.10 mm, and EC 0.07- 6.4.  Zone XIV was Thal zone 2 which is mostly Sandy loam 

(5%), Loam (95%) temperature varies from 9.45 to 34.50 C with rainfall up to 1780 

mm, ET 1.95 mm, and EC 0.07- 1.73.  
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Table 4.2: Characteristics of AEZs of Punjab 

Zone 

ID 

Zone Name Avg Rabi 

Max Temp 

o
C

 

Avg Rabi 

Min Temp 

o
C 

Avg Kharif 

Max Temp 

o
C 

Avg Kharif 

Min Temp 

o
C 

Rainfall 

(mm) 

ET0 

(mm) 

Soil type EC 

I Cholistan Desert 28.09 12.31 39.28 27.31 230 3.20 Mostly sandy 0.07 - 27 

II Arid Irrigated 29.20 12.45 40.41 27.59 234 3.10 Loam, Sandy loam (9%) 0.07- 27 

III Cotton-Sugarcane 28.67 12.40 39.93 27.49 243 2.93 

Clay loam (10%), Sandy loam, 

Loam (35%) 1.73 - 27 

IV  od-i-Kohi 27.73 12.61 39.42 27.28 255 3.10 Mostly sandy loam 0.07- 27 

V 

  Semi-Desert Irrigated 27.59 12.38 38.94 27.22 412 2.88 

 Sandy loam (21%), Clay loam 

(9%) 1-27 

VI Mix Cropping 27.38 12.99 39.47 27.30 460 2.62 

Loam (45%), Sandy loam 

(55%), Clay (5%), Loam 0.6-2 

VII 

  Cotton Mix Cropping 27.39 12.08 38.52 26.72 580 2.71 Loam, Sandy loam (5%) 0.07- 11.8 

VIII 

  

Maize Wheat Mix 

Cropping 26.97 11.06 37.86 25.58 590 2.65 

Loam, Sand loam (3%), Clay 

loam (1%) 0.07- 6.83 

IX Thal-Gram Crop 27.51 11.35 39.21 26.24 612 2.25 

Sandy (35%), Sand loam 

(50%), Loam (10%), Clay 

(5%) 0.07- 1.7 

X  ice-Wheat 26.34 11.80 36.96 25.74 760 2.75 Loam, Clay loam (6%), Sandy 0.07- 1.79 
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loam (2%) 

XI Thal zone 2 26.84 10.91 37.80 25.73 1120 2.34 

Sandy loam (45%), Loam 

(45%), Clay loam (5%) 0.07- 3.7 

XII  ice zone 25.03 11.71 35.53 25.20 1250 1.76 

Loam (40%), Sandy loam 

(20%), Clay loam (10%) 0.07- 1.79 

XIII 

  

Groundnut-Medium 

 ainfall 24.85 10.27 36.36 24.37 1620 2.10 Sandy loam (5%), Loam (95%) 0.07- 6.4 

XIV High  ainfall 23.35 9.45 34.50 22.96 1780 1.95 Sandy loam (5%), Loam (95%)  0.07- 1.73 
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4.3.2 Comparison of Existing Zones Vs New Zones  

These delineated agro-ecological zones were different from the delineated zones by the 

Pakistan Agricultural Research Center (PARC) in 1980. The difference is because of 

the climatic change from 1980 to 2016. PARC acknowledged eleven zones whereas, 

this study delineated fourteen zones. It observed that the spatial pattern of both 

delineated zoning studies is the same but due to climatic change zones boundaries were 

changed and new zones were appeared on the upper and southeast side of Punjab 

because of variations in climate from the last three decades. In the previous study, an 

arid zone was there in the Thal region but in this study, it shifted from arid to semi-arid 

region. In the Rod-e-Kohi region there was three-zone and in this research also three 

zones were delineated but the spatial pattern of the zone has been changed (Figure 

4.12). 

 

Figure 4.12: Map of Existing AEZ of Punjab 

 

4.4 UNSUPERVISED CLASSIFICATION OF NDVI IMAGES 

The NDVI unsupervised classification of Rabi and Kharif crop mapping. Mean 

NDVI values were extracted and computed by mean statistics of class signatures. 

NDVI of wheat, rice, sugarcane, cotton, and Maize were mapped and the overall trend 

of all classes was analyzed. Since NDVI is an indication of greenness, the temporal 

behavior of every NDVI class showed the behavior of a specific plant or combination 

of plants. The temporal behavior of all NDVI classes was then correlated with the crop 

calendar followed in the different districts of Punjab.  
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As per crop maps (Figure 4.16), some of the most tightly packed wheat-grown 

regions are Faisalabad, Hafizabad, Lahore, Gujranwala, Rawalpindi, and Multan. It's a 

commonly cultivated staple food in Pakistan. North-eastern districts, such as 

Gujranwala, Sialkot, Lahore, Hafizabad, and Narowal have shown a strong spatial 

concentration of rice. Substantial Sugarcane cultivating districts include Toba-Tek 

Singh, Sargodha, Jhang, Faisalabad, and Lahore. The spatial cluster of Cotton is 

detected in southern districts of Punjab such as D. G. Khan, Khanewal, Rajanpur, 

Bahawalnagar, Lodhran, and Multan. Main maize cultivating regions are in Hafizabad, 

Gujranwala, Sargodha, Faisalabad, Lahore, and Chiniot districts. 

 

Figure 4. 13: Rabi and Kharif crop maps prepared from NDVI classified images 

 

4.4.1 Thermal Regime 

Thermal regimes were calculated using LST and Normalized Difference Vegetation 

Index (NDVI). Here is the relationship between LST and NDVI. Correlations are found 

to depend on the season and time of year. Correlations between LST and NDVI were 
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analyzed by using the last 10 years' mean data from January to December as shown in 

Figure 4.14. 
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Figure 4.14: Regression analysis of LST and NDVI 

The link between NDVI and LST is inversely proportional. As NDVI is 

increasing LST trend is towards decreasing. NDVI trend is towards lower. Results 

show that the maximum R
2 

value is in June 0.95 and the minimum in February 0.67. 

Value of R2 in January was 0.9529, February 0.6785, March 0.902, April 0.9416, May 
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0.9509, June 0.9581, July 0.9426, August 0.9426, September 0.9075, October 0.8883, 

November 0.8809 and December in December was 0.8921. 

4.4.2 Potential Evapotranspiration in Agro-Climatic Zones of Punjab  

The ET
0
 was determined using climate data. Elevated ET

0
 was recorded for all 

crops grown from March to September. The predicted ET
0
 indicates that the potential 

evapotranspiration is massive especially during hot temperatures, long hours of sunlight 

throughout these periods. Wind speed is also significantly greater in the lower and 

middle regions of the study area relative to the upper region. Cold temperature is also 

another factor for very little ET
0
 in the upper region. 

 

Figure 4.15: Daily ET
0 

maps for all the months 

 

4.4.3 Actual evapotranspiration (Eta) in ACZ of Punjab 

The calibration of actual ET on a pixel basis is a big problem, such that ET
a
 

from meteorological data is mostly used for comparative purposes. Actual 

evapotranspiration measured from remote sensing; produces reliable findings with a 

small variance from remotely sensed data. ET
a
 results determined from remotely sensed 

data have been checked with ET
a
 derived from meteorological data through statistical 

analysis with Microsoft excel. Coefficient values for rice, wheat, sugar cane, maize, 

cotton are R
2
 = 0.94, 0.96, 0.98, 0.95, 0.90, respectively (Figure 4.15). These 

coefficient values indicate a good ET
a
 relationship, calculated from both data sources. 

The range of actual evapotranspiration & potential evapotranspiration in ACZ 

of Punjab over the months. The trend of potential evapotranspiration and actual 
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evapotranspiration shows that increasing in April to August and decreasing in other 

months over the year in ACZs of Punjab.  

The water demand gradually increases in June-august over the year due to high 

temperature in June also June is the hottest month in the study area. Overall actual ET 

and potential evapotranspiration in November to January is very low due to low 

temperature. 

 

Figure 4.16: Daily ET
a
 maps for all the months 

ET
0
 map was prepared by using the Spline interpolation technique well within 

the Punjab boundary. PET and ETa of maize, wheat, sugar cane cotton, and rice are 

seen for 01/Jan, 27/Feb, 30/Mar, 16/Apr, 24/May, 16/Jun, 20/July, 20/Aug, 15/Sep, 

15/Oct, 16/Nov, 27/Dec at satellite overhead time (10:00 AM) (Figure 4.15 & 4.16). 

Figure 4.20 also indicates the monthly relationship in both AEZ’s of ET
0
 and ETa.  

Wheat can be produced mostly in the middle and southern parts of Punjab 

districts. High ET
a
 was recorded in May, June, July, August, and September for Kharif 

season crops in the southern districts of Punjab. ETa was very high recorded for Rabi 

season crops in March, April, and May. The annual crop period for sugarcane ET
a
 was 

a significant increase from May to September.  
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The need for water rises in June and July because June is the hottest month of 

the year. As a whole, ET
a
 is low in November and December due to its low 

temperatures and less sunshine duration. Monthly wise seasonal ET
0
 for maize, sugar 

cane, rice, cotton, and wheat is 1172.4 mm, 1019.7, 758.4, 654, and 333.6, respectively 

(Tables 4.3 & 4.4). 

Table 4.3: Daily ET
a
 (mm) of all selected crops by using satellite data 

Crops Daily ETa of all selected crops (mm/day) by using satellite data 

Jan 

01 

Feb 

27 

Mar 

30 

Apr 

16 

May 

24 

Jun 

15 
Jul 20 

Aug 

20 

Sep 

15 

Oct 

15 

Nov 

16 
Dec 27 

Wheat 0.82 1.37 2.72 2.70 2.05 
     

0.68 0.78 

Rice 
    

3.57 4.88 4.80 4.45 4.37 2.04 1.17  

Cotton 
    

1.74 3.85 5.29 4.41 4.30 1.59 0.62  

Sugar 

cane 
0.57 0.91 1.80 2.69 4.04 4.83 5.27 4.58 4.32 2.66 1.56 0.76 

Maize 
      

0.66 2.86 4.08 1.77 0.99  

     

 Table 4.4: Month-wise crop Seasonal ET
a
 (mm) of all selected crops by using satellite data 

Crops Daily ETa of all selected crops (mm/month) by using satellite data 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

ETa (mm) 

Wheat 24.6 41.1 81.6 81 61.5 
     

20.4 23.4 333.6 

Rice 
    

107.1 146.4 144 133.5 131.1 61.2 35.1  758.4 

Cotton 
    

52.2 115.5 158.7 132.3 129 47.7 18.6  654 

Sugar 

cane 
17.1 27.3 54 80.7 121.2 144.9 158.1 137.4 129.6 79.8 46.8 22.8 1019.7 

Maize 
      

19.8 85.8 122.4 53.4 891  1172.4 
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Figure 4.17: Month-wise comparison of ET
0
 and ET

a 

 

 

Figure 4.18: Statistical relationship of ET
a
 computed from both datasets 
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4.5 ESTIMATION OF LENGTH OF GROWING PERIOD (LGP) 

In this research, the derivative technique was implemented to calculate the LGP. 

The estimation of LGP was based on the thermal regime and water availability. LGP 

was calculated using both remote sensing data and climatic data. 

 

Figure 4.19: Length growing period using MODIS data 
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Figure 4.20: Map of LGP (days) using climatic data in each AEZ zone 

 

 

Figure 4.21: Total LGP (day) in each zone using MODIS data 
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Figure 4.22: Total LGP using climatic data in each AEZ zone 

Both maps shown the start of growth and the end of the growing season are 

described as the duration of the highest positive derivative of the lowest negative 

derivative due to the rapid and fast rise in NDVI. The period can be described as the 

amount of duration from the start to the end of the season. Therefore, this length could 

be estimated as the 'green vegetation' cycle. The beginning season is regarded to have 

been the intense growth of plants or the peak lush greenery in the growing season of 

vegetation. The end time is known to be the extreme green abscission or the strongest 

grass light brown-off. The results of both dataset’s satellite-based products and ground-

based data were overlay within each delineated agro-ecological zone for zone-wise 

comparison. The LGP decreases in the South Punjab districts (Bahawalpur, 

Bahawalnagar, Rahimyar khan) and Gujranwala areas or 6
th

 to 1
st
 AEZ while increasing 

towards northern districts Attock, Chakwal, Jhelum, and Rawalpindi or in 9
th

 to 14
th

 

AEZ. Normal patterns of LGP have been seen in the northeastern and western upper 

portions of Punjab province (Figure 4.22). LGP is maximum in higher rainfall areas 

and minimum high-temperature zones while minimum in lower rainfall areas and 

maximum temperature zones, depending on the availability of moisture, provided by 

rainfall. Increased LGP can increase crop stress and reduce crop production. Changes in 

LGP are important for the determination and control of irrigation. 

 

4.6 WATER AVAILABILITY 

4.6.1 Surface Water Availability 

The study area has two irrigation system for crop 

(i) Barani  
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(ii) Irrigated areas 

The barani area of Punjab includes Attock, Jhelum, Chakwal, Rawalpindi, and 

some areas of Narowal, Rajanpur, and DG Khan Districts, etc., and the remaining area 

are irrigated under the 14 main canals. Surface water availability in the study area 

ranged from zero mm to 4790 mm as shown in Figure 4.23. It observed that the high 

surface water system in the northeast of Punjab and becomes limits in the focal point of 

Punjab towards the south. The most noteworthy surface water availability is almost 

4790 mm while in the Thal and Cholistan regions, surface water availability is almost 

zero. 

 

Figure 4.23: Available surface water data in (mm) 

4.6.2 Ground Water Availability  

Groundwater water range is from 0 to 799mm. Groundwater accessibility in the 

flooded territory is maximum. In the southern and middle regions of Punjab, there was 

a sufficient amount of surface water available due to the canal irrigation supply 

although these areas have arid to semi-arid regions due to less amount of annual 

rainfall. The North region of the study area depends on rainfall and also these areas 

have a sufficient amount of rainfall up to 1600mm.  The most extreme absolute water 

accessibility in the barani zones is maximum. Also, maps show there was a very less 

amount of groundwater available on the southeast and southwest side due to the desert-

like area.  The spatial distribution of groundwater availability is shown in Figure 4.24. 
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Figure 4.24: Available (DWT) groundwater data in (mm) 

 

4.7 ESTABLISHING CROP NORMS FOR PRACTICED LAND USE IN 

PUNJAB 

Suitability maps of different crops were prepared based on the crop conditions 

called crop norms. Crop suitability maps were generated using Arc map based on the 

following agro-climatic factors with crops norms as mentioned below: 

• Climatic: Max. Temperature, Min. temperature. 

• Soil: Soil electrical conductivity, soil type 

Water: Rainfall, surface water, groundwater 

4.7.1 Agronomic Crops 

• Fruits 

• Vegetables 

4.7.2 Seasons of Crop Norm 

There four-season and detailed crop in each season are given below 

 Rabi/summer crops 
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Linseed, Barley, Turnip, Gram, Canola, Peas, Rapeseed, Lentil, Quinoa, 

Spinach, Garlic, Alfalfa, Lettuce, Mustard, Sugar beet, and Wheat. 

 Spring/autumn crops 

Soybean, Sunflower, Potato, Maize, Tomato and Onion 

 Kharif/winter crops 

Mung, Groundnut, Cotton, Sorghum, Millet, Mash, Sesame and Rice 

 Annual crops 

Sugarcane, Maringa, Mott Grass, Sudan Grass 

Crop Norm was divided into three classes based on their characteristics. 

 Agronomic Crops 

 Fruit 

 Vegetable 

The crop Norm table shows the characteristics and best environment where they 

can give maximum production. The table shows the EC, Water requirement (mm), Soil 

texture of Agronomic crops, max temperature, min Temperature, fruits, and vegetables 

where they can give maximum production.  Agronomic crops  (Wheat, rice, cotton, 

maize, sunflower, gram, soybean, groundnut, sesame, sorghum, millet, lentil, canola, 

linseed, rapeseed & mustard, barley, alfalfa, sugarcane, sugar beet, quinoa, moringa, 

Sudan grass, and Mott grass), fruits (mango guava and strawberry) and vegetables 

(garlic, spinach, cabbage, peas, carrot, turnip, radish, turmeric, cauliflower, potato, 

tomato, onion, capsicum, pumpkin, squashes, gourds, okra, Ginger) which were 

categorized on based on Max temperature, Min Temperature, Water requirement (mm), 

EC and Soil texture where they can give maximum production. 

 All geospatial data were converted in the raster layer on a 100m grid and 

analyzed by the AEZ model for the delineation of crop suitability. It’s expected that, 

with the following vision, the farmers will be more willing to modernize their 

agricultural system. This research found the best crop norms that can organize the 

behaviors of the following crops of Punjab, which they can employ to achieve their 

vision. 

 

4.8 CROP SUITABILITY MAPS 

Crop suitability maps were delineated using the AEZ model with crop conditions. The 

suitability maps were prepared by condition suitable or unsuitable.  
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Figure 4.25: Crop suitability map of Wheat 

 

Wheat crop suitability mapping shows that it is suitable in most of the 

provinces. The northern region was not suitable for crop cultivation in district Chakwal, 

Attock, and Rawalpindi as well in the western region Bahawalpur and Rahim Yar Khan 

District desert-like area of AEZ. The central portion has the highest tendency of the 

wheat crop in the province these areas are wheat-loving crop areas. The Thal region of 

district Khushab was unsuitable for the wheat crop (Figure 4.25). 

The climatic conditions are liable between 6 to 28 degrees Celsius and the crop 

water requirement of the wheat crop is up to 300mm. The overall results analyzed that 

as it is suitable in most the regions of Punjab but if heavy clay and silty soil retains then 

it will show negative productivity results.  
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Figure 4.26: Crop suitability map of Maize 

 

The maize crop is not suitable in zone XIII and XIV of the Pothohar 

area also in the Thal region. The main cluster of maize is in the middle of 

Punjab in zone VI, VII, and X. Maize is also suitable in some areas of southern 

Punjab (Figure 4.26). 

 

Figure 4.27: Crop suitability map of Barley 

 

Barley is most suitable in the Kasur, Faisalabad, Lahore, Hafizabad, 

Gujranwala, Narowal, and Gujrat of agro-ecological zones X, XI, and XII. Barley is fit 

for the southern and upper region of the province, there were few clusters identified in 
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agro-ecological zone VI for Barley crop in the southern region rest of the area is 

unsuitable (Figure 4.27).  

 

Figure 4.28: Crop suitability map of Rice 

Rice is one of the major crop and cash crop for the province of Punjab, also 

Rice crop is very important for food security. Rice is most suitable in the Kasur, 

Sheikhupura, Faisalabad, Lahore, Hafizabad, Gujranwala, Narowal, Okara, Sahiwal, 

Pak paten, and Gujrat of the province mentioned areas lies in agro-ecological zones of 

VII, VIII, X, and XII.  ice crop is not feasible in sandy and sandy loam soil that’s why 

this crop is not suitable in the southern area of the Punjab of zones I, II, III, IV, and V. 

Also Rice crop is not suitable in Thal desert of districts Khushab and Mianwali due to 

its soil type and less amount of water availability (Figure 4.28). 

 

Figure 4.29: Crop suitability map of Alfalfa 
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Alfalfa is the most suitable Eastern part of the province. Crop suitable in AEZ 

zone 1 to 8 and 10 to 12. Unsuitable in Bahawalpur and Rahim Yar Khan district 

desert-like area (Figure 4.29).  

 

 

Figure 4.30: Crop suitability map of Canola 

Canola crop is one of the important oilseed crops in Punjab. Canola crop is a 

climate-dependent crop as results indicate canola crop is very suitable in a moderate 

climate region. Canola is the most suitable central part of the province of agro-

ecological zones of V, VI, VII, VIII, X, and XII. Canola crop is unsuitable where the 

extreme climate is reported (e.g. lower southern and upper part of the study area), also 

the canola crop is unsuitable in the Bahawalpur area of the Cholistan desert and Thal 

desert of Khushab district (Figure 4.30). 

 

Figure 4.31: Crop suitability map of Gram 



88 

Gram crop is grown mostly in sandy and sandy loam soil. Crop suitability 

results show in Figure 4.31. Gram crop is most suitable in the area of Bakker and 

Khushab district due to their climate and soil suitability, Also Gram crop suitable in 

scattered clusters of Sargodha, Gujrat Okara, and Sahiwal districts. The remaining areas 

of the whole province are not fit for the growth of Gram crops. 

 

Figure 4.32: Crop suitability map of Groundnut 

 

Groundnut is suitable in some area of Chakwal and Attock district of Punjab. 

 

Figure 4.33: Crop suitability map of Lentil 

 

     Lentil is suitable in Mianwali and Bakhar area and not suitable in the rest of the 

study area.  
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Figure 4.34: Crop suitability map of Linseed 

Linseed is the most suitable Eastern part of the province. Crop suitable in AEZ 

zone I to VIII and X to XII. Linseed crop is unsuitable in Bahawalpur, Rahim Yar 

Khan, Mianwali, and Khushab Districts. This crop is unsuitable in the high rainfall 

zone (Figure 4.34).  

 

Figure 4.35: Crop suitability map of Moringa  

 

 Moringa has both shrubs and tree genus which can be used for 

multipurpose. Suitability Analysis showed that it has less production in Punjab 

province and a little bit of suitability has been grasped in zone XI i.e. Mianwali and 

Bakhar area (Figure 4.35).  



90 

 

Figure 4.36: Crop suitability map of Millet 

 

Millet crop is seeded crop and a prime important crop for human food and feed. 

Millet is most suitable in western parts i.e.  Khushab, Bhakkar, Muzaffargarh, and 

Bahawalpur of the province. Some areas of the Faisalabad district are also suitable for 

the Millet crop. Whereas, AEZ I, IX, X, XI, and XIII have been predicted for suitable 

crop production (Figure 4.36).  

 

Figure 4.37: Crop suitability map of Mott Grass 

 

Mott Gross is best suitable in the North Eastern, Lower southern, and upper 

southern part of the province. AEZ Crop suitability analysis concluded that it has 

optimized and stabilized conditions within zones i.e. 1 to 8 and 10 and 11. 

Consequently, in the sandy portion/desert areas like Bahawalpur and Rahim Yar Khan 

District; it has been analyzed as Unsuitable (Figure 4.37).  
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Figure 4.38: Crop suitability map of Quinoa  

 

Quinoa is suitable in Mianwali and Bakhar areas. Moreover, it is not suitable in 

the northern, Sothern, and Eastern portions of Punjab.  

 

Figure 4.39: Crop suitability map of Raspessed and Mustard  

Rapeseed and Mustard are the most suitable Eastern and north east parts of the 

province. Crop suitable in AEZ zones from 1 to 8 and 10 to 12. Thereafter, Unsuitable 

conditions have been tantalized in Bahawalpur and Rahim Yar Khan District desert-like 

areas (Figure 4.39). 
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Figure 4.40: Crop suitability map Sesame 

Sesame crop is suitable in Layyah and Bakhar Area. But non-suitable conditions 

have been predicted in the northern, Sothern, and Eastern portions of Punjab province.

 

Figure 4.41: Crop suitability map of Sugarbeat   

 

Sugarbeet crop has less suitability in Narowal and Area. Whereas, it is not 

suitable in Punjab. 
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Figure 4.42: Crop suitability map of Sudan Grass  

 

Sudan gross is the most suitable Eastern and southern part of the province. Crop 

suitable in AEZ zone 1 to 8 and 10 and 11. Bahawalpur and Rahim Yar Khan districts 

are not suitable for this crop.  

 

Figure 4.43: Crop suitability map of Sugarcane  

 Sugarcane has been predicted as suitable in western parts of Rahim Yar Khan, 

Bahawalnagar, and Gujranwala. It is not suitable in most parts of Punjab. 
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Figure 4.44: Crop suitability map of Sunflower 

  

 Sunflower is the most suitable Eastern part of the province. Crop suitability 

within AEZ is from 1 to 8 and 10 to 12. It is unsuitable in some surroundings of 

Bahawalpur and Rahim Yar Khan. 

 

Figure 4.45:  Crop suitability map of Tomato  

Tomato is most suitable in the northeastern part of the province. Suitable AEZ 

zones for Tomato have been observed as V, VI, VII, VIII, X, and XII. Unsuitable 

conditions marked in Bahawalpur, Rahim Yar Khan, and Potohar districts. 
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Figure 4.46: Crop suitability map of Cabbage 

 

Cabbage is maximum suitable in zone XI Area. Southern and western Punjab 

have been seen unsuitable for cabbage cultivation. 

 

Figure 4.47: Crop suitability map of capsicum 

Capsicum is suitable in some parts of Lahore and adjoining districts. But it is 

unsuitable in most parts of Punjab. 
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Figure 4.48: Crop suitability map of Carrot  

  

 Carrot suitability marked in AEZ of I, IX, and X. Climatic conditions 

evaluated that more cultivation can be in Faisalabad, Bhakkar, and Bahawalpur areas.  

 

Figure 4.49: Crop suitability map of Cauliflower 

Climatic suitability shows that the Cauliflower crop has the most optimistic 

conditions for cultivation in the district Narowal area. Eastern and southern portions of 

Punjab Province have been analyzed as unsuitable for the cauliflower crop. 



97 

 

Figure 4.50: Crop suitability map of Garlic 

Garlic is suitable in Mianwali and Bhakhar areas. Meanwhile, it is not suitable 

in the northern. Southern and Eastern areas of Punjab. 

 

Figure 4.51: Crop suitability map of Ginger 

 Ginger has less suitable conditions in the Shikarpur Area and most of the 

areas of Punjab, it is not suitable. 
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Figure 4.52: Crop suitability map of Guards 

Gourds are only suitable in Sheikhupura and also in some areas of Lahore and 

Kasur area. Thereafter, it depicts non suitable conditions in Punjab. 

 

Figure 4.53: Crop suitability map of Cotton 

 

Okra is less suitable in the upper area of the Punjab Suitable in in some part of 

south of the Punjab. 



99 

 

Figure 4.54: Crop suitability map of Onion 

 

 Onion is not suitable in zone XIII and XIV of the Potohar area also in the Thal 

region. The main cluster of Onion crop is in the middle of Punjab in zone VI, VII, and 

X. Onion is also suitable in some areas of southern Punjab. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.55: Crop suitability map of Potato 

 

The potato crop is not suitable in zone VII to XII of the Potohar area also in the 

Thal region. The main bunch of Potato crops is in the middle of Punjab in zone VIII, X, 

and XII. Consequently, Potato is also suitable in some areas of southern Punjab. 
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Figure 4.56: Crop suitability map of Radish 

Radish is less suitable in Bakhar Area. Climatic conditions evaluated that is not 

suitable in Punjab. 

 

 

Figure 4.57: Crop suitability map of Pumpkins 

Pumpkins are less suitable in Shikarpur and Lahore Area. Moreover, it has not 

suitable in the remaining area of Punjab. 
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Figure 4.58: Crop suitability map of Spinach 

 Spinach is most suitable in the Narowal area. So it has inappropriate 

productivity in Punjab. 

 

Figure 4.59: Crop suitability map of Squashes 

 Squashes crop is only most suitable in the Shikarpur area of the province. It 

has no climatic suitability for cultivation in Punjab. 
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Figure 4.60: Crop suitability map of Turmeric 

 

Turmeric is less suitable in the Bhakhar area. Therefore, it’s not suitable in 

Punjab. 

 

Figure 4.61: Crop suitability map of Turnip 

Turnip crop has the most suitable conditions in Bhakhar and Layyah area. Also 

suitable in some other small area of Punjab as shown in figure. 



103 

 

Figure 4.62: Crop suitability map of Citrus 

 

Citrus has been analyzed more suitable in Sargodha and some parts of Gujrat. 

 

Figure 4.63: Crop suitability map of Guava 

Guava is not suitable in zone VIII to XII of the Potohar area also in the Thal 

region. The main cluster of Guava orchard is in the middle of Punjab in zone VIII, X, 

and XI. Guava is also suitable in some areas of southern Punjab. 
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Figure 4.64: Crop suitability map of Mango 

  

 Mango is not suitable in zone VI to XII of the Potohar area also in the Thal 

region. The main cluster of Mango orchards is in the middle of Punjab in zone VIII, IX, 

X, and XI. Mango is also suitable in some upper areas of southern Punjab. 

 

Figure 4.65: Crop suitability map of Strawberry 

 

Strawberry is suitable in Hafizabad, Rawalpindi, Attock, Narowal, and Gujrat 

most of the province, mention areas lie on AEZ zone XI and XII.  
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4.9 ANALYZING & MAPPING ECONOMIC PERFORMANCE OF 

COMPETING CROPS 

Agro economic suitability maps were generated by comparing Crop Norms and 

existing crop suitability data. Economically 66% of districts considered most suitable 

for the crop, 33% as normal suitable, and the remaining districts as a low suitable. A 

detail of crop and profit percentage is given below in the table. 

 Highly suitable: > 66%  

 Moderately suitable: > 33 %  

 Less suitable: below 33rd percentile of maximum profit district 

Table 4.5: Crop suitability economic table 

No.  Crop Name Low profit 

(< 33%) 

Moderate profit 

(< 66%) 

High profit 

(> 66%) 

1 Wheat < 12 654 12 654 - 25 306 25306 - 38344 

2 Cotton < 4 451 4 451 - 8 901 8 902 - 13 487 

3 Rice < 4 131 4 131 - 8 263 8 263 - 12 519 

4 Sugarcane < 25 992 12 996 - 25 992 25 993 - 39 383 

5 Maize  < 10 435 10 435 - 20 871 20 872 - 31 624 

6 Bitter gourd  < 139 119 139 119 - 278 238 278 238 - 421 574 

7 Brinjal  < 52 505 52 505 - 105 010 105 011 - 159 107 

8 Cucumber  < 86 081 86 081 - 172 162 172 163 - 260 852 

9 Cauliflower  < 60 583 60 583 - 121 166 121 167 - 183 586 

10 Garlic  < 375 218 375 218 - 750 436 750 437 - 1 137 

026 

11 Lady finger  < 31 476 31 476 - 62 951 62 952 - 95 382 

12 Onion  < 26 028 26 028 - 52 055 52 056 - 78 873 

13 Peas  < 2 917 2 917 - 5 833 5 834 - 8 840 

14 Potato  < 36 327 36 327 - 72 653 72 654 - 110 081 

15 Tomato  < 62 629 62 629 - 125 257 125 258 - 189 785 

16 Moong  < 5 379 5 379 - 10 756 10 757 - 16 299 

17 Mash  < 3 761 3 761 - 7 521 7 522 - 11 396 

18 Grams  < 10 777 10 777 - 21 552 21 553 - 32 657 

19 Rapeseed & 

Mustard  

< 23 315 23 315 - 46 630 46 631 - 70 653 

20 Sunflower  < 4 081 4 081 - 8 162 8 163 - 12 368 
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21 Carrot  < 59 092 59 092 - 118 183 118 184 - 179 067 

22 Round melon  < 14 388 14 388 - 28 775 28 776 - 43 600 

23 Chillies  < 10 369 10 369 - 20 738 20 739 - 31 422 

24 Muskmelon  < 116 186 116 186 - 232 371 232 372 - 352 079 

 

4.9.1 Mapping and Statistical Analysis of the Economic Performance of 

Competing Crops 

Mapping & statistical analysis of Wheat was performed over the study area as 

shown in Figures 4.66 and 4.67. The map was divided into three zones, Low, normal, 

and high based on particular crop production.  It’s observed that for a net return of 

wheat crop, Lodhran, Khanewal, and Sahiwal districts were Rs.38344.63Rs. 37149.75 

and Rs. 34977.25 net returns per hectare respectively. The lowest net returns (Rs. 

11385.88 per hectare) were observed in Rawalpindi. Wheat crop is economically 

suitable in the divisions except for the Rawalpindi division where the net returns are 

low which is mainly attributed to low yields observed in the division.  

 

Figure 4.76: Economic suitability map of Wheat 

 

Figure 4.67: Statistical analysis of Wheat 
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Mapping & statistical analysis of the Cotton crop was performed over the study 

area as shown in Figures 4.68 and 4.69. The map was divided into three zones, Low, 

normal, and high based on particular crop production.  It’s observed that Cotton crop 

maximum production in the central and southern part of the Punjab province due to 

their suitability. Sahiwal, Multan, D. G Khan, and Bahawalpur division are most suited 

for the cotton crop. There is a very low net return in district Mandi Bahuddin, 

Sargodha, and Pothohar region while Bahawalpur, Rahim Yar Khan, and Rajanpur 

have a high net return. A net return of Rajanpur is economically suitable for the crop of 

cotton production with a per hectare net return of Rs. 13487.25 as well as followed by 

Bahawalpur and Rahim Yar Khan district with net returns of Rs. 12905.38 and Rs. 

13089.13 per hectare respectively. 

 

 

Figure 4.68: Economic suitability map of Cotton 

 

Figure 4.69: Statistical analysis of Cotton 

 

Mapping & statistical analysis of Rice crops was performed over the study 

area as shown in Figures 4.70 and 4.71. The map was divided into three zones, Low, 
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normal and high production. It’s observed that  ice is produced mostly in zone II, V, 

VII, and VIII due to their climatic suitability. Economic indicators showed 

Bahawalnagar, Okara, Gujranwala, Sheikhupura, and D. G. Khan were the most 

profitable district for rice crop with a net return more suitable for rice crop in these 

districts. There is a very low net return in district Gujrat, Sargodha, and Pothohar 

region while Bahawalnagar, DG Khan, and Rajanpur have a high net return. The net 

return of Rajanpur is economically suitable for the crop of Bahawalnagar and DG Khan 

Production with per hectare net returns of Rs. 14927.25 and 13347.93 per hectare 

respectively. 

 
Figure 4.70: Economic suitability map of Rice 

 

Figure 4.71: Statistical analysis of Rice 
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Mapping & statistical analysis of Sugarcane was performed over the study 

area as shown in Figures 4.72 and 4.73. The map was divided into three zones, Low, 

normal and high production. Map and statistical analysis show that Sugarcane crop 

maximum production mostly in the southern area of Punjab and very less amount of 

area cultivated in the northeast part of Pothohar regions of Punjab. The economic 

indicator shows sugarcane crop is the most profitable in Rajanpur and Rahim Yar Khan 

Districts. The developed suitability maps also suggest these areas be more suitable for 

sugarcane production. 

 
Figure 4.72: Economic suitability map of Sugarcane 

 

Figure 4.73: Statistical analysis of Sugarcane 

 

Mapping & statistical analysis of maize crop was performed over the study area 

as shown in Figures 4.74 and 4.75. The map was divided into three zones, Low, normal 

and high production. Map and statistical analysis show that according to suitability 

analysis Maize crop grown in all agro-ecological zones but most profitable products in 
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the central region district of Sahiwal, Okara, Pakpattan, and Faisalabad.  The 

profitability class shows the net return of maize crop is very low in the northern area of 

the province but the net return of district Pakpattan, Okara, Kasur, and Bahawalpur Rs. 

31623.95, Rs. 30901.73, Rs. 30636.17 and Rs. 30311.11 per hectare.  

 
Figure 4.74: Economic suitability map of Maize 

 

Figure 4.75: Statistical analysis of Maize 

 

Mapping & statistical analysis of the Brinjal crop was performed over the 

study area as shown in Figures 4.76 and 4.77. The map was divided into three zones, 

Low, normal and high production. Map and statistical analysis show Brinjal crop has 

mostly cultivated in D. G. Khan, Lahore, and Layyah district also economically more 

suitable Brinjal crop in these districts as compared to the other districts of the province. 
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Net returns of Brinjal crop these districts are Rs. 197028.57, Rs. 183175.00 and Rs. 

177017.86 respectively. Other economically suitable districts for Brinjal production 

include Jhang, Multan, Chiniot, and Nankana Sahib. 

 

Figure 4.76: Economic suitability map of Brinjal 

 

Figure 4.77: Statistical analysis of Brinjal 

 

Mapping & statistical analysis of the Cucumber crop was performed over the 

study area as shown in Figures 4.78 and 4.79. The map was divided into three zones, 

Low, normal, and high based on particular crop production. Map and statistical analysis 

showed that the Cucumber crop is profitable and economically suited in Bahawalnagar, 

Chiniot, and Lodhran districts as it generates the highest net returns per hectare in these 

districts equated to other districts of the province. The per hectare net returns to 

Cucumber in Bahawalnagar are Rs. 281121.95, while for Chiniot and Lodhran the per 

hectare net returns to Cucumber are Rs. 280688.89 and Rs. 260852.46 respectively. 
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Other economically suitable districts for Cucumber production in the province are Toba 

Tek Singh, Pakpattan, and Sahiwal. 

 

Figure 4.78: Economic suitability map of Cucumber 

 

Figure 4.79: Statistical analysis of Cucumber 

 

Mapping & statistical analysis of Cauliflower crop was performed over the 

study area as shown in Figures 4.80 and 4.81. The map was divided into three zones, 

Low, normal, and high based on particular crop production. Map and statistical analysis 

show Cauliflower crops are very suitable in province Punjab due to climatic and soil 

lover conditions, while economic indicator shows southern district of province Punjab 
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are more profitable as compared to the northern districts. Other economically suitable 

districts for Cauliflower production are Lahore, Jhang, Okara, and Chiniot. 

 

Figure 4.80: Economic suitability map of Cauliflower 

 

Figure 4.81: Statistical analysis of Cauliflower 

 

Mapping & statistical analysis of ladyfinger was performed over the study area 

as shown in Figures 4.82 and 4.83. The map was divided into three zones, Low, 

normal, and high based on particular vegetable production. Map and statistical analysis 

show that Lady Finger is grown in the entire province however most profitability in 
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districts Chiniot, Toba Take Singh and Faisalabad are highly suitable based on their 

climatic conditions and AEZ. 

 

Figure 4.82: Economic suitability map of lady Finger 

 

Figure 4.83: Statistical analysis of Lady Finger 

 

Mapping & statistical analysis of onion was performed over the study area as 

shown in Figures 4.84 and 4.85. The map was divided into three zones, Low, normal, 

and high based on particular vegetable production. Map and statistical analysis show 

that onion was appropriate in agro-ecological zone VIII, IX and X. are the most The per 

hectare net returns of Mianwali was (Rs. 48733.03 per hectare), Gujranwala (Rs. 

43267.02 per hectare) and Rahim Yar Khan (Rs. 42461.39 per hectare). Onion 
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production is also profitable in the Pothohar Region, Rawalpindi, Bhakkar, and Multan 

districts of the province.  

 

Figure 4.84: Economic suitability map of Onion 

 

Figure 4.85: Statistical analysis of Onion 

 

Mapping & statistical analysis of peas was performed over the study area as 

shown in Figures 4.86 and 4.87. The map was divided into three zones, Low, normal, 

and high based on particular vegetable production. Map and statistical analysis showed 

that District Lodhran is economically viable for the cultivation of Peas crop. Also, 

Sahiwal (Rs. 8839.83 per hectare), Bahawalpur (Rs. 8750.00 per hectare), and 
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Bahawalnagar (Rs. 8750.00 per hectare). District Vehari, Khanewal, Jhang, and Toba 

Tek Singh are also among the economically suitable districts for Peas production in the 

province. 

 

Figure 4.86: Economic suitability map of Peas 

 

Figure 4.87: Statistical analysis of Peas 

 

Mapping & statistical analysis of potato was performed over the study area as 

shown in Figures 4.88 and 4.89. The map was divided into three zones, Low, normal, 

and high based on particular vegetable production. Map and statistical analysis show 
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that the Potato crop has mostly grown in central districts of province Punjab. Zone VII 

and VIII are most suitable for Potato crop, Bahawalnagar economic indicator shows per 

hectare net income are Rs. 229021.05.   

 

 

Figure 4.88: Economic suitability map of Potato 

 
Figure 4.89: Statistical analysis of Potato 

 

Mapping & statistical analysis of Tomato was performed over the study area as 

shown in Figures 4.90 and 4.91.  The map was divided into three zones, Low, normal, 

and high based on particular vegetable production. Map and statistical analysis show 

that the Mianwali district is most profitable for the Tomato crop with a net income of 
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443261 rupees per hectare. Also, Bahawalnagar, Lodhran, and Pakpattan are a suitable 

district with net income was Rs. 443261.61, Rs. 223901.71 and Rs. 215479.45 in the 

three districts respectively. 

 

Figure 4.90: Economic suitability map of Tomato 

 

Figure 4.91: Statistical analysis of Tomato 

  

Mapping & statistical analysis of the Moong crop was performed over the study area as 

shown in Figures 4.92 and 4.93. The map was divided into three zones, Low, normal, 

and high based on particular vegetable production. Map and statistical analysis showed 

that district-wise profitable districts for Moong crop are Layyah and Okara with the 
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return of moong production suggest that district Layyah and Okara are the most 

suitable districts for its cultivation with net returns per hectare of Rs. 16298.72 and Rs. 

15983.41 respectively. Moong production also generates significant revenues in district 

D. G. Khan and Bhakkar. 

 

 

Figure 4.92: Economic suitability map of Moong 

 

Figure 4.93: Statistical analysis of Moong 

 

Mapping & statistical analysis of the Mash crop was performed over the study 

area as shown in Figures 4.94 and 4.95. The map was divided into three zones, Low, 

normal, and high based on particular vegetable production. Map and statistical analysis 



120 

showed that District Bhakkar and Pakpattan are the leading districts with net returns for 

Mash crop production in the province with Rs. 29100.00 per hectare as net returns in 

each district. Mash also generates significant revenues in the Jhang and Okara districts 

of the province.   

 

Figure 4.94: Economic suitability map of Mash 

 

Figure 4.95: Statistical analysis of Mash 

 

Mapping & statistical analysis of canola was performed over the study area as 

shown in Figures 4.96 and 4.97.  The map was divided into three zones, Low, normal, 
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and high based on particular vegetable production. Map and statistical analysis show 

that Canola development is a significant monetary action among the cultivating 

networks in the territory. Because of the monetary information zone, VII and VIII for 

Canola crop are the most profitable areas, districts including Faisalabad, Chiniot, and 

Vehari where Canola production yields significant revenue to the farmers. 

 

Figure 4.96: Economic suitability map of Canola 

 

Figure 4.97: Statistical analysis of Canola 

  

  Mapping & statistical analysis of Gram crop was performed over the 

study area as shown in Figures 4.98 and 4.99. The map was divided into three zones, 

Low, normal, and high based on particular vegetable production. Map and statistical 

analysis showed that the Thal region of zones IX, X, and XI are suitable zones Gram 
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crop. Based on the profitability data of Gram crop, district Vehari is suitable for Gram 

crop. According to the economically profitable district for Gram crop production in the 

province with a net income of Rs. 174551.18 and other economically suitable districts 

for Gram production in the province include Nankana Sahib, Okara Sahiwal, and 

Khanewal. 

 

 

Figure 4.98: Economic suitability map of Gram 

 

Figure 4.99: Statistical analysis of Gram 

 

Mapping & statistical analysis of the Rapeseed crop was performed over the 

study area as shown in Figures 4.100 and 4.101. The map was divided into three zones, 

Low, normal, and high based on particular vegetable production. Map and statistical 
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analysis show that the Profitability classes showed central distract of Punjab province 

are most viable districts for Rapeseed crop. Sahiwal and Toba Take Singh are the most 

suitable areas for return wise and other economically suitable districts in the province 

are Vehari (Rs. 67509.00 per hectare), Sheikhupura (Rs. 64912.50 per hectare), and 

Faisalabad (Rs. 62158.64 per hectare). 

 

Figure 4.100: Economic suitability map of Rapeseed 

 

Figure 4.101: Statistical analysis of Rapeseed 
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 Mapping & statistical analysis of the Sunflower crop was performed over the 

study area as shown in Figures 4.102 and 4.103. The map was divided into three zones, 

Low, normal, and high based on particular vegetable production. Map and statistical 

analysis showed that Southern Punjab is the most profitable and suitable area for 

Sunflower crop due to crop and land suitability also these areas are good for industrial 

wise of Sunflower crop.  

 

Figure 4.102: Economic suitability map of Sunflower 

 

Figure 4.103: Statistical analysis of Sunflower 
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Mapping & statistical analysis of carrot was performed over the study area as 

shown in Figures 4.104 and 4.105. The map was divided into three zones, Low, normal, 

and high based on particular vegetable production. Map and statistical analysis showed 

that according to suitability and economically Muzaffargarh and Lodhran of zone V 

area most profitable districts in the study area with net profit is Rs. 179067.10 per 

hectare net returns, Pakpattan with per hectare net returns of Rs. 178183.08. 

 

 

Figure 4.104: Economic suitability map of Carrot 
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Figure 4.105: Statistical analysis of Carrot 

 

Mapping & statistical analysis of the Tinda crop was performed over the study 

area as shown in Figures 4.106 and 4.107. The map was divided into three zones, Low, 

normal, and high based on particular vegetable production. Map and statistical analysis 

showed that the Tinda crop in Chiniot district is the most suitable production and net 

return wise. 

 

Figure 4.106: Economic suitability map of Tinda 
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Figure 4.107: Statistical analysis of Tinda 

 

Mapping & statistical analysis of the Muskmelon crop was performed over the 

study area as shown in Figures 4.108 and 4.109. The map was divided into three zones, 

Low, normal, and high based on particular vegetable production. Map and statistical 

analysis showed that Rahim Yar Khan and Mianwali districts are the most profitable 

districts according to net return wise. Also, Sheikhupura, Lodhran, Faisalabad, and 

Multan are economically suitable districts for Muskmelon crop production in the 

province. 

 

Figure 4.108: Economic suitability map of Muskmelon 
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Figure 4.109: Statistical analysis of Muskmelon 
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                                                SUMMARY 

In the last three decades, crop production and yield of major agriculture crops 

were stagnant: reasons might be attributed to climatic variability, area wise crops 

standing those were not suitable for certain crop type (e.g. maize crop in an area 

suitable for wheat is not feasible), time-series information, decreasing irrigation water 

availability, changes in soil fertility, unsuitable cultivars, etc. Agro-climatic zones were 

recognized dependent on climatic information, for example, rainfall, sunshine hours, 

wind speed, humidity, temperature, and humidity by ascertaining ET
0
 and moisture 

availability. Soil and climatic mapping were built at a spatial resolution of 100m by 

utilizing topography and other parameters. Soil mapping was done by used of 

0.282million samples and attributed data with the location were further used for the 

preparation of agro-ecological zoning and suitability of crop maps. AEZ’s were 

delineated based on the homogeneity of climatic and edaphic variables by spatial 

overlaying approach by the use of delineated agro-climatic zones and soil maps. The 

study results show NDVI fraction method provides an excellent outcome with a 

minimal degree of variance in the spatial distribution of ET
a
 over a wide field. Landsat 

8 imageries for the year 2016 had been used to assess pixel-based vegetation 

coefficients. Actual ET images have been developed to examine the spatial variation of 

ET
a
 throughout all zones. The actual ET was calculated in mm/day. Daily ET

a
 values 

for Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, and Dec were 1.0, 1.71, 2.70, 3.5, 

4.41, 5.01, 5.2, 4.5, 4.37, 3.01, 2.0, and 1.4 mm respectively. It is the preferred 

approach to be implemented at the regional level in Pakistan when working with multi-

date satellite imagery. Higher water is needed in zones I, II, and III (southern zones) in 

May, June, July, August, and September especially in comparison to other zones. High 

positive coefficient values indicate that satellite imagery-based ET
a
 could provide 

valuable and timely water requirements for crops. Such research can be undertaken in 

other regions of Pakistan to improve the overall use of water resources and agriculture 

sustainability. 

The suitability of agronomic, vegetable, and orchard crops in each agro-

ecological zone was assessed by creating reasonableness maps utilizing ideal condition 

from sowing to harvest. The location-based suitability mapping of crops in each district 

was prepared based on all characteristics of crops. According to delineated wheat crop 

suitability cluster wheat is practically suitable in entire Punjab, except scarcely any 
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upper cluster of Punjab, like Rawalpindi, Murree, and Attock. Rice crop is appropriate 

in the area of Gujranwala, Narowal, Sheikhupura, and Gujrat, and in the couple of 

regions of Sialkot, Sargodha, Nankana Sahib, and so on. Cotton crop is generally 

appropriate in the southeast region of Punjab, for example, Pakpattan, Vehari, Multan, 

Bahawalpur, Bahawalnagar. Citrus orchards are very suitable in the region of Sargodha 

and Jhelum but also suitable in some clusters in the area of Sahiwal, Okara, and 

Faisalabad.  

Mango orchard is generally suitable south of Punjab as Muzaffargarh, Rajanpur, 

and Rahim Yar Khan. Guava orchard is best suitable in district Gujrat, Jhelum, and 

Sialkot also in some patches of another region of Punjab. Vegetable suitability maps 

demonstrate that Garlic is suitable in practically the entire Punjab excluding some 

upper areas. Suitability of Cabbage crop mapped Gujrat, Narowal, and in a couple of 

areas in the entirety of Punjab. The best reasonable regions for turnip development are 

Mianwali, Layyah, and Bakker which are the arid regions of Punjab. To comprehend 

the financial appropriateness of various yields in various zones, net returns were 

determined utilizing accessible information on crop yield, cost, and cost of creation. 

After that agro-economic analysis was done based on crop production and yield; 

criteria were set by high, medium, and low productivity of various areas/zones were 

resolved to utilize 66% and 33% what's more, below 33
rd

 percentiles, individually. 

Given net returns and relative productivity levels, monetary reasonableness maps are 

drawn. Policymakers may advance harvest movement in the best reasonable zones (on-

premise of efficiency and benefit) and retain the less suitable zones back for better 

reasonable crops to achieve crop expansion and effective usage of assets through open 

strategy instruments.  

Agro-ecological zones ought to be included as the indispensable work in 

agriculture arranging procedure and be extended to the national level. The AEZ study 

ought to be reserved as an active record and ought to be intermittently evaluated and 

refreshed after one or half-decade. Policymakers/legislators should settle on an 

agriculture strategy related choice (credit, appropriations, bolster value, markets, 

automation, groundwater strategy, water system estimating, enhancement, farming 

import, and fare, and so on.) in light of probability and imperatives in various zones. 

Accessibility and unwavering quality of information are perhaps the greatest 

limitations in farming. Institutional categorization into local and Federal government, 

just as in numerous other measurements, ratify incompetence, including sharing and 
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creating valuable information. This wants to be settled through the formation of an 

information-sharing center for agricultural information to polish agro-ecological zones 

study and advance information-driven arrangements.  

 The current research has utilized 'crop reasonableness' without evaluating yield 

gauges over the reasonable ecological conditions. Accordingly, immense territories 

may appear to be appropriate for developing a crop, yet the appropriateness of 

contending crops isn't clear with the present data. There is a requirement for improved 

crop gauges in various 'reasonable' climatic environments for developing harvests, also, 

for progressively point by point financial examinations to assess the relative bit of 

leeway of various crops in various zones to think of crop bunches.  

Livestock is a fundamental piece of the agrarian framework in Pakistan. 

Nonetheless, the domesticated animal’s part is constrained to a couple of feed crops in 

the current research and should be extended by thinking about creatures and 

rangelands. What's more, agro-forestry service can likewise be remembered for future 

exploration studies and reports. The monetary information is constrained as far as 

various crops and non-accessibility of locale extensive data at the expense of creation. 

Additionally, the accessibility and job of showcase associated components and 

populace predictions decide crop demand and development. The financial information 

should be demonstrated utilizing the business sector and populace data, along with 

basic net bring counts back.  

Thinking about significance, and an alternate arrangement of issues drew in, in 

peri-urban agriculture, an alternate zone might be projected in upcoming works. To 

anticipate up and coming changes in AEZs and harvests appropriateness, atmosphere 

situations can be additionally applied to decide future changes. Acknowledging the 

significance of huge information and distributed computing, the Higher Education 

Commission of Pakistan has stepped up and set up a National Center in Big Data and 

Cloud Computing. The information created and chronicled under this activity 

particularly through the inside develop a center for digital agriculture and analytics will 

assist with keeping the present research as an active database through taking care of it 

with a steady progression of new information and tools. 
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Abstract. Water is the major restrictive constraint for agricultural growth and production. Agro-climate 

zones refer to the areas with homogenous agro-potential characteristics. The objective of this study is to 

delineate the agro-climate zones of Punjab, Pakistan and to calculate Actual evapotranspiration (ETa) 

from actual and satellite data. Potential evapotranspiration (ET0) was calculated by using climatic normal 

of 25 years (1990-2015). On the basis of Potential evapotranspiration (ET0) and Moisture Index, study 

area was delineated into seven agro-climatic zones. Secondly, ETa was investigated by adopting a fraction 

of Normalized difference vegetation index. Landsat 8 data for the year (2016) was used to determine 

pixel-based vegetation coefficients. Actual ET maps were prepared to analyze spatial variation of ETa in 

all zones. Actual ET was determined in mm/day. Daily ETa values in the months of Jan, Feb, Mar, Apr, 

May, Jun, Jul, Aug, Sep, Oct and Dec were 1.0, 1.71, 2.70, 3.5, 4.41, 5.01, 5.2, 4.5, 4.37, 3.01, 2.0 and 1.4 

mm respectively. Finally, it was observed that there is a strong relation between both results calculated 

from satellite data and climatic data of selected crops, i.e. wheat, rice, cotton, sugarcane and maize 

R² = 0.96, 0.94, 0.90, 0.98 and 0.95 respectively. Above results shown that satellite data are widely useful 

with ground validation for sustainable crop production as well as for policy makers with respect to water 

conservation. 

Keywords: agro-climate zones, potential evapotranspiration, moisture index, fraction of vegetation, 

actual evapotranspiration 

Introduction 

Water resources in Pakistan are not sufficient for the proper growth and production 

of crops. Agriculture is the core of Pakistan’s economy; giving about 21-25% share in 

Gross Domestic Product (GDP) and serving to about 45-50% labor force of Pakistan 

(Bhatti et al., 2009). Pakistan covers about 79.61 million ha, out of which 22 million ha 

are under cultivation and 75-80% area is under irrigation while rest of area is rain fed 

(Iqbal and Ahmad, 2005). About 75-80% geographical area receives only 250 to 

500 mm rainfall annually, contributing to the arid and semi-arid environment in 

Pakistan (Baig et al., 2013). Our main objective and primitive need is to calculate ETa 

of major crops under available agro-climate and water conditions. The studied rabi 
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crops are Wheat, Tomato and kharif crops are Rice, Cotton, Sugarcane, Maize and 

Citrus Good quality water is the major restrictive constraint for agricultural growth and 

production (Doorenbos and Kassam, 1979). 

Agro-climatic zone is a land unit defined in terms of major climate and growing 

periods, which is climatically suitable for certain, range of crops and cultivators 

(Aggarwal, 1993). It requires climatic parameters, i.e. temperature, rainfall, humidity, 

sunshine hours, wind speed, crop calendar, cropping patterns and land-use information 

to delineate agro-climatic zones. In Pakistan rainfall mostly occurs in summer due to 

monsoon winds originating from Indian Ocean especially its north-eastern part. Winter 

rainfall depends upon western depressions (Ahmad et al., 2015). Pakistan has classified 

in six Agro-climate zones on the basis of climate and Moisture Index (Chaudhry and 

Rasul, 2004). 

Actual evapotranspiration is the amount of water that is actually removed from a 

surface through the process of evaporation and transpiration when soil moisture/water 

source is limited (McKenney and Rosenberg, 1993). Crop evapotranspiration (ETc) was 

estimated by using remote sensing techniques (Singh et al., 2013). Simplified surface 

energy balance approach was tested to estimate daily Actual evapotranspiration by 

using Landsat-5 TM data (cropping season, 2007) and ground truth data from 

Lysimeters (Gowda et al., 2008) 

Wheat yield forecasting is analyzed in Punjab province by using satellite data of 

Landsat 5 TM and MODIS (Dempewolf et al., 2014). Water use for crops was estimated 

by using simple but robust SSEBop model in United States (Senay et al., 2013). To 

analyze the impact of land use changes NDVI, ET0, and temperature fraction approach 

was used with the help of satellite data (Carlson and Arthur, 2000). Vegetation index 

(VI) based crop coefficients and ET0 calculated from Penman Monteith method was 

used to calculate actual evapotranspiration of some selected crops by using time series 

data of Moderate Resolution Imaging Spectroradiometer (MODIS) sensor on Terra 

satellite (Glenn et al., 2011). Surface energy balance approach was attempted to 

estimate actual ET from Landsat 5 satellite images and validating it with ground truth 

data of Oklahoma Mesonet stations to use it for urban area (Liu et al., 2010). Landsat 8 

images were used for evaluation of comparison between a remote sensed based 

reference ET fraction (ETrf) and Mapping EvapoTranspiration at high Resolution with 

Internalized Calibration (METRIC) model to estimate crop ET coefficients in Idaho, 

USA. They used 12 images (2000 year) of Landsat to derive NDVI based ETrf (Rafn et 

al., 2008). 

Materials and methods 

The present study was investigated in Punjab, Pakistan lies between 31.17° N 

latitude and 72.70° E longitude. It covers an area of about 79,284 mi² area and it covers 

about 26% land area of country. According to the world’s temperature zones Pakistan 

lies in Sub-tropical zone except some northern mountain areas having moderate climate. 

Overall it falls in arid and semi-arid type of climate. Air temperature varies from -2 °C 

to 45 °C, can reach 51 °C in summer. Maximum annual temperature ranges between 

28 °C and 32 °C and minimum annual temperature varies between 15 °C and 19 °C in 

Punjab. Rainy season in Punjab starts from July and runs till September. 

Rainfall occurs in summer due to monsoon winds and in winter due to western 

depressions. Average annual rainfall varies from 270 to 1400 mm. Humidity fluctuates 
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from 53 to 64%. Punjab is thickly populated province with an estimated population of 

about 110.012 million and Lahore is the metropolitan city with the population of 

11.1 million according to the census of 2017. 

 

Data requirements 

To accomplish the objectives of the research, climate data from 1990-2015 of 22 

weather stations installed in all over Punjab was collected from Pakistan Meteorological 

Department as shown in Figure 1. The climatic parameters are maximum and minimum 

temperature, relative humidity, wind speed, sunshine hours and rainfall. Kc values were 

taken from available literature by (Allen et al., 1998). The Advanced Space borne 

Thermal Emission and Reflection Radiometer, Global digital elevation model (ASTER 

GDEM) with spatial resolution of 30 meters was used in the study to show elevation in 

different parts of Punjab. 

 

 

Figure 1. Map showing location of weather stations in Punjab 

 

 

Satellite data for deriving fraction of vegetation 

Landsat 8 satellite data with less than 10% cloud cover, were browsed and 

downloaded for the year 2016 (Rabi-Kharif season), from USGS Earth Explorer 

website. One limitation was unavailability of images for the month of August, so image 

for the month of July was used to calculate NDVI fraction. Some images were not fit to 

the study due to some errors. So, 176 images were selected and utilized in the study. 

Whole Punjab covers almost 16 images to make one scene/image assuming to be one 

date image for one date. Figure 2 shows the methodology flow chart of the study. 
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Figure 2. Research methodology flow chart 

 

 

Potential evapotranspiration (PET) 

Modified Penman Monteith equation was used to estimate ET0 by using climatic 

variables of maximum and minimum temperature, humidity, sunshine hours and wind 

speed. Additionally, elevation data of weather stations was also used during calculation 

ET0, mathematical equation for ET0 is given below: 
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Thornthwaite moisture index (TMI) 

Thornthwaite Moisture Index (TMI) is a dimensionless index varying from -100 to 

+100 (Karunarathne et al., 2016). This index was firstly used by (Thornthwaite, 1948). 

The revised moisture index of Thornthwaite and Marthur (1955) was calculated with the 

combination of annul potential evapotranspiration and annual rainfall data. 

 

 TMI = [P – ET0 / ET0] × 100 (Eq.2) 

 

where: TMI = moisture index, P = precipitation, ET0 = potential evapotranspiration. It is 

an indicator of available soil moisture and water need in any region. 

 

NDVI fraction (Fr) 

Vegetation fraction is an indicator for the percentage of vegetation cover (Kharrou et 

al., 2011) Following formula was used by Gillies et al. (1997) to calculate fraction of 

vegetation cover (Fr/Fov) as an indicator of vegetation coefficient in a pixel. 



Amin et al.: Calculation and validation of actual evapotranspiration from satellite derived indices with observed data in delineated 

agro-climatic zones of Punjab using remote sensing and GIS techniques 
- 4641 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(3):4637-4650. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1803_46374650 

© 2020, ALÖKI Kft., Budapest, Hungary 

  (Eq.3) 

 

where: Fr = fractional vegetation cover, NDVI = NDVI value of image. NDVIs = NDVI 

value of bare soil, NDVIv = NDVI value of vegetation. 

Once the interpolation was done, actual evapotranspiration was estimated by using 

outputs of potential evapotranspiration (ET0) and fraction of vegetation (presuming 

more ET in intense vegetation) with the help of Raster calculations in GIS environment. 

Equation for calculating Actual ET is given below: 

 

 Actual ET = ET0 × Fr (Eq.4) 

 

where: Actual ET = actual evapotranspiration, ET0 = potential evapotranspiration, 

Fr = fractional vegetation cover. 

Results and discussion 

Firstly, potential evapotranspiration (ET0) of all weather stations was calculated 

through Penman Monteith method by using CROPWAT 8.0 software. The maps of all 

climatic variables, minimum-maximum temperature, humidity, sunshine, wind speed, 

rainfall and ET0 were prepared in Arc GIS 10.3 While executing interpolation, ninety 

percent of the values were used whereas remaining ten percent were used as validation 

data set. The predicted values for the corresponding validation data set were obtained by 

overlay function in ArcGIS and scatter plots were made to check the accuracy of the 

interpolation results for validation purpose as shown in Figure 3. There is strong 

relation of both datasets as R2 is about 0.99. 

 

 

Figure 3. Regression analysis of interpolated vs non-interpolated data 

 

 

The results of climatic variable shown that temperature of Punjab province 

increasing trend from upper area (Rawalpindi District) to lower area (D. G Khan and 

Rajanpur District), Maximum humidity was observed in upper part of Punjab (Murree, 
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Rawalpindi and Attock) and minimum humidity was observed in those areas of Punjab 

where temperature is too high. Maximum sunshine hours were observed in district 

Rajanpur (8.37) and the minimum sunshine hour in Rawalpindi district (6.71). The 

maximum wind speed was observed in Muzaffargarh (2.08 m/s) and the minimum wind 

speed was observed in Toba-Tek Singh (0.31 m/s). Rainfall variability of Punjab was 

observed in gradually increasing trend from south to north due to topography of the area 

as well as severity of monsoon season as shown in Figure 4. About 1000 to 1500 mm 

rainfall mapped in upper districts (Rawalpindi, Attock, Jhelum and Chakwal, Sialkot 

and Gujrat) of Punjab. Lower or southern part of the Punjab have received very low 

amount of rainfall due to aridity, about 50 to 351 mm rainfall mapped in Rajanpur and 

D. G. Khan, Bahawalnagar districts. 

Figure 5a showed very low average daily ET0 in upper part of Punjab (Rawalpindi, 

Attock, Sialkot and Gujrat) while high ET0 was mapped in lower parts of Punjab 

Bahawalnagar, Rajanpur, Rahim Yar Khan and D. G. Khan districts ranged from 

3.0 mm to 3.19 mm/day. 

 

Agro-climate zones of Punjab based on climatic parameters 

Contour map of elevation, Iso-line maps of climatic variables were generated in GIS 

environment. Agro-climatic zones were delineated on the basis of Iso-line/Isopleth 

maps of climatic parameters. 

Moisture index was calculated by using Equation 2. As shown in Table 1, negative 

values indicate arid climate comprising less precipitation, which cannot fulfill the water 

need of crops while positive values define moisture and water supply. With the 

combination of ET0 average annual rainfall maps and Moisture index seven moisture 

zones were created comprising homogenous characteristics of ET0. Rainfall and 

moisture supply. In Figure 5b. Agro-climate zone map based on moisture index was 

prepared in GIS environment by using TMI equation with the help of ET0 and rainfall 

data. In Zone A with high soil moisture content and Zone B with adequate moisture 

supply are favorable for crops grown under rain fed conditions. 

 
Table 1. Scaling of moisture index 

Climate type Moisture index Zone symbol 

Hyper-arid -92.2 to -76.1 Hyper arid 

Arid -76.0 to -63.3 Arid 

Semi-arid -63.2 to -48.1 Semi-arid 

Dry sub-humid -48.0 to -1.0 Dry sub-humid 

Moist sub-humid 1.0 to 20.0 Moist sub-humid 

Humid 20.1 to 100 Humid  

Very humid > 100 Very humid 

 

 

Zone C1 and C2 having moderate soil moisture, Rabi crops can be grown with slight 

irrigations but kharif crops require more water for irrigation, as C2 zone is best for Rice 

cultivation. The agro-climatic zone map of the study area is shown in Figure 6. 

In zone D, E crops need water for irrigation during their development stages. These 

zones consist on arid and semi-arid type of climate with 250-500 mm annual rainfall. 
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Zone H shows hyper-arid climate, Cotton and Wheat are major crops grown here, 

require supplement irrigations for their proper nourishment, growth and yield. The 

results revealed that these agro-climate zones are different from the zones presented by 

Chaudhry and Rasul (2004) due to the change in climate. They classified Pakistan into 

six agro-climate zones in 2004. At that time climatic conditions were different from 

recent. Recent study presents seven agro-climatic zones with different homogenous 

potentials and constraints. 

 
 

 

Figure 4. Maps showing mean minimum, maximum temperature (°C), humidity (%), sunshine 

(hours), wind speed (mph) and mean annual rainfall (mm) 
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a      b 

Figure 5. (a) Map showing average daily ET0 (mm) in Punjab. (b) Map showing moisture index 

 

 

 

Figure 6. Map showing agro-climatic zones of Punjab 

 

 

Unsupervised classification of NDVI images 

Crop maps were presented in Figure 7 show most concentrated wheat grown areas 

are Lahore, Hafizabad, Faisalabad, Gujranwala, Multan and Rawalpindi. It is a widely 

grown food crop in Pakistan. North-eastern districts, like Sialkot, Narowal, Gujranwala, 

Hafizabad, Lahore shown highly spatial concentration of rice. 

Major Sugarcane growing districts are Sargodha, Lahore, Faisalabad, Toba-Tek 

Singh and Jhang. Spatial cluster of Cotton is observed in southern Punjab in the districts 

of Multan, Khanewal, Bahawalnagar, D. G. Khan, Lodhran and Rajanpur. Major maize 

growing areas are in Gujranwala, Lahore, Hafizabad, Sargodha, Chiniot and Faisalabad 

districts. 
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Figure 7. Rabi and kharif crop maps prepared from NDVI classified images 

 

 

NDVI fraction calculated by satellite images 

NDVI fraction was calculated from NDVI output images and Fr maps were prepared 

by using Equation 4 in GIS environment. Further, these Fr values were identified for 

each crop with respect to crop calendar and validated with classified pixels for crops. 

 

ET0 calculated by climatic data 

ET0 was calculated by using the Equation 1 with the help of climate data. High ET0 

was observed in the months of March, April and May, June, July, August and 

September for all selected crops. The estimated ET0 results show potential 

evapotranspiration is high due to hot temperature, long sunshine hours in these months. 
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Also wind speed higher in middle and lower part of the study area as compared to upper 

part. For less ET0 in upper part low temperature is also one reason. 

 

ETa calculated by satellite image 

ET0 maps were generated by using Spline interpolation method within its areal extent 

of Punjab. By using Equation 4 in raster calculator (ET0 maps* Fr maps) ETa maps 

were produced in Arc GIS 10.3 software. In Figures 8 and 9, PET and ETa of wheat, 

rice, cotton, sugarcane and maize crop are shown for 01/Jan, 27/Feb, 30/Mar, 16/Apr, 

24/May, 16/Jun, 20/July, 20/Aug, 15/Sep, 15/Oct, 16/Nov, 27/Dec at satellite overpass 

time (10:00 AM). Also figure Figure 10 shows month wise relation in all agro climatic 

zones of ET0 and ETa. 

Wheat can be grown in upper districts of Punjab under rainfed conditions. High ETa 

was observed in the months of May, June, July, August and September for kharif crops 

in southern districts of Punjab. Also, high ETa was observed in month of March, April 

and may for rabi crops. For sugarcane ETa was high from month of May to September 

due annual crop season. 

Water demand increases in June and July, because June serves as the hottest month 

of the year. Overall ETa in the months of November and December is low due to low 

temperature and less sunshine hours. Month wise crop seasonal actual 

evapotranspiration for wheat, rice, cotton, sugarcane and maize is 333.6, 758.4, 654, 

1019.7 and 1172.4 mm, respectively (Tables 2 and 3). 

 
Table 2. Daily ETa (mm) of all selected crops by using satellite data 

Crops 
Daily ETa of all selected crops (mm/day) by using satellite data  

Jan 01 Feb 27 Mar 30 Apr 16 May 24 Jun 15 Jul 20 Aug 20 Sep 15 Oct 15 Nov 16 Dec 27 

Wheat  0.82 1.37 2.72 2.70 2.05      0.68 0.78 

Rice      3.57 4.88 4.80 4.45 4.37 2.04 1.17  

Cotton      1.74 3.85 5.29 4.41 4.30 1.59 0.62  

Sugarcane 0.57 0.91 1.80 2.69 4.04 4.83 5.27 4.58 4.32 2.66 1.56 0.76 

Maize       0.66 2.86 4.08 1.77 0.99  

 

 
Table 3. Month wise crop Seasonal ETa (mm) of all selected crops by using satellite data 

Crops 
Daily ETa of all selected crops (mm/month) by using satellite data  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual ETa (mm) 

Wheat  24.6 41.1 81.6 81 61.5      20.4 23.4 333.6 

Rice      107.1 146.4 144 133.5 131.1 61.2 35.1  758.4 

Cotton      52.2 115.5 158.7 132.3 129 47.7 18.6  654 

Sugarcane 17.1 27.3 54 80.7 121.2 144.9 158.1 137.4 129.6 79.8 46.8 22.8 1019.7 

Maize       19.8 85.8 122.4 53.4 891  1172.4 

 

 

Validation of ETa computed by both datasets 

The validation of actual ET at pixel basis is a major issue, so that ETa from climate 

data is also used for comparison. Results showed actual evapotranspiration calculated 

from satellite data; provide accurate results with minor deviation from satellite data. ETa 
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values computed from satellite data were validated with ETa computed from climate 

data by a statistical analysis in MS Excel software. Coefficient values of wheat, rice, 

cotton, sugarcane, maize are R² = 0.96, 0.94, 0.90, 0.98, 0.95 respectively (Fig. 11). 

These coefficient values show strong relationship of ETa estimated from both data sets. 

 

 

Figure 8. Daily ET0 maps for all the months 

 

 

 

Figure 9. Daily ETa maps for all the months 
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Figure 10. Month wise comparison of ET0 and ETa 

 

 
 

 

Figure 11. Statistical relationship of ETa computed from both datasets 
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Conclusion 

The research findings show NDVI fraction approach gives the best result with 

minimum degree of variation of spatial distribution of ETa over large area. It serves as 

best method to apply at regional level in Pakistan when dealing with multi-date satellite 

data. Wheat, and Maize can be grown under rainfall conditions with minimum 

irrigations but Rice, Cotton and Sugarcane, require supplement irrigations throughout 

their growth. More water is required in zone I, II and III (southern zones) in the months 

of May, June, July, August and September as compared to other zones. Strong positive 

coefficient values show Remote sensing based ETa can provide helpful and in time need 

of water for crops. Such type of studies should be made in other provinces of Pakistan 

for better use of water resources and sustainable agriculture. 
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